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SURFICIAL GEOLOGY AND SOILS OF THE ELMIRA-WILLIAMSPORT REGION,
NEW YORK AND PENNSYLVANIA

By Caarres S. DENNY, Geological Survey, and WaLter H. Lyrorp, Soil Conservation Service *

ABSTRACT

The Elmira-Williamsport region, lying south of the Finger
Lakes in central New York and northern Pennsylvania, is part of
the Appalachian Plateaus physiographic province. A small
segment of the Valley and Ridge province is included near the
south border. In 1953 and 1954, the authors, a geologist and a
soil scientist, made a reconnaissance of about 5,000 square miles
extending southward from the Finger Lakes, N.Y., to Williams-
port, Pa., and eastward from Wellsboro, Pa., to Towanda, Pa.
Glacial drift of Wisconsin age, covering the central and most of
the northern parts of the region, belongs to the Olean substage of
MacClintock and Apfel. This drift is thin and patchy, is com-
posed of the relatively soft sandstones, siltstone, shales, and
conglomerates of the plateaus, commonly has a low calcium
carbonate content, and is deeply leached. Mantling its surface
are extensive rubbly colluvial deposits. No conspicuous termi-
nal moraine marks the relatively straight border of Olean drift.
The Valley Heads moraine of Fairchild near the south ends of the
Finger Lakes is composed of relatively thick drift containing a
considerable amount of somewhat resistant sedimentary and
crystalline rocks. Commonly this drift has a relatively high
carbonate content and is leached to only shallow depths. The
Valley Heads drift is younger than Olean, but its precise age is
undetermined. The age of the Olean is perhaps between Sang-
amon and Farmdale, on the basis of, in part, a carbon-14 date
from peat at Otto, N.Y.

All differences in soil development on these two Wisconsin
drifts are clearly related to the lithology of the parent material or
the drainage, rather than to weathering differing in kind or in
duration. The authors believe that the soils are relatively young,
are in equilibrium with the present environment, and contain
few, if any, features acquired during past weathering intervals.
The effect of tree throw on soil profiles and the presence of soils
on slopes clearly indicate that soils form rapidly. Sols Bruns
Acides are the most extensive great soil group occurring through-
out the region. Podzols and Gray-Brown Podzolic soils are also
widespread, and on long, smooth slopes Low Humic-Gley soils
are common. Organic soils are of small extent.

South of the Wisconsin drift border, the surficial mantle
consists chiefly of alluvial, colluvial, or residual deposits of Wis-
consin or of Recent age, but there are many small isolated patches
of older, strongly weathered materials of pre-Wisconsin age.
Although such older materials are commonly overlain or mixed
with less weathered mantle, the yellowish-red color, characteristic
of the strongly weathered material, is generally not masked.
Some of the older material is drift, presumed to be of Illionian age,
that was probably strongly weathered to a considerable depth in
Sangamon time and has been greatly eroded since the last inter-
glacial period. No clear-cut exposure of Wisconsin drift resting

* Now of Harvard Umiversity.

on older drift or other strongly weathered mantle has been found.
The old drift and the other strongly weathered materials appar-
ently acquired their present red color in pre-Wisconsin time.
Where exposed at the surface, such strongly weathered mantle is
the parent material of modern Red-Yellow Podzolic soils. Sols
Bruns Acides and Gray-Brown Podzolic soils, developed on
slightly weathered parent materials, are found adjacent to these
red soils. This suggests that these Red-Yellow Podzolic soils
probably developed from strongly weathered parent materials.
No buried soils were found nor were any soils recognized as relics
from pre-Wisconsin time.

Comparison of a map of the great soil groups with a map of the
vegetation of the region, prepared by John C. Goodlett, does not
reveal a close relation.

Laboratory analyses of samples collected furnish data on
textural, mineralogical, and chemical changes caused by weather-
ing and soil formation. The results indicate that the amount
of chemical weathering which the Wisconsin drift has under-
gone is slight. The Red-Yellow Podzolic soils on strongly
weathered pre-Wisconsin drift have B, horizons that have a finer
texture than the A, or C horizons. The parent materials of these
soils seem to be strongly weathered because of the high chromas,
reddish hues, friable condition of most rock fragments, relatively
high kaolinite content, and presence of gibbsite in the clay frac-
tion. Measurements at numerous localities show that the depth
of leaching increases with decreasing carbonate content and is not
a criterion of the age of the drift. Pebble counts of gravels also
show that the depth of leaching of gravel is related to its limestone
content. The location of the gravel deposits is probably due
primarily to the presence of pebbles of resistant rock rather than
to ice wastage involving abundant glacial melt water.

The region is in the Susquehanna drainage basin except for its
north fringe, which drains to Lake Ontario. Most of the region is
a dissected plateau ranging in altitude from 700 to 2,500 feet and
underlain by gently folded sedimentary rocks of Paleozoic age.
Much of the region slopes moderately or steeply; the most ex-
tensive areas of gently sloping land are on the uplands. In the
northern part are several straight and deep valleys—the southern
extension of the Finger Lakes basins—separated by uplands with
several low cuestas that face north. Similarly, some streams
such as the Canisteo, Cohocton, and Chemung Rivers, and the
part of the Susquehanna River that is in New York, trend at
right angles to the Finger Lakes, flowing in valleys that parallel
the regional strike of the bedrock.

The Olean drift border is marked by a change from drift con-
taining very few rounded or striated rock fragments to a mantle
containing only angular rock fragments and traces of red, strongly
weathered materials. A reconstruction of the surface of the ice
sheet, at its maximum extent shows an inferred slope of its distal
margin ranging from 100 to 500 feet per mile.
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2 SURFICIAL GEOLOGY AND SOILS, ELMIRA-WILLIAMSPORT REGION, N.Y. AND PA.

Glaciofluvial deposits of Wisconsin age consist of kames and
valley-train terraces; the kames, chiefly of Olean subage, occur in
the large tributary wvalleys found chiefly in the central and
northern part of the region; the valley-train terraces, largely of
Valley Heads subage, are restricted to through valleys that head
near the Valley Heads moraine. Lake beds occur beneath the
glaciofluvial sand and gravel and are known chiefly from well
records.

At the south ends of the Finger Lakes valleys are thick masses
of glacial debris that include both till and stratified drift. These
deposits and a discontinuous belt of moraine on the adjacent
uplands, commonly at the base of north-facing escarpments,
constitute the Valley Heads moraine of Fairchild. The thicken-
ing of the drift that is the moraine may be related to ice movement
across bedrock divides as much as to a balance between ice
movement and wastage of the ice terminus.

The Binghamton drift of MaecClintock and Apfel is apparently
absent from the region. The Valley Heads ice probably ad-
vanced south of the southern limit of the Binghamton. Else-
where, the Binghamton drift border probably marks the maxi-
mum line of advance of the ice sheet that built the Valley Heads
moraine.

Colluvium, essentially unsorted and unstratified material
derived from adjacent bedrock or surficial debris and ranging in
texture from rubble to loam, covers ridgetops, slopes, or valley
bottoms in all parts of the region. It is a surface mantle of
Wisconsin or younger age and rests on drift, older colluvial or
alluvial deposits, residuum, and bedrock. Since it seems to be
more extensive south of the Valley Heads moraine than north of
it, much of the colluvium is probably of Wisconsin age, but some
of it is Recent.

The soils are grouped into eleven soil associations. The
Allenwood and Weikert soil series are found largely south of the
Wisconsin drift border. The Bath and Mardin soil series are
widespread within the area of Wisconsin drift. The Chenango
soil series is generally found on glaciofluvial deposits with a low
content of free carbonates compared with that of the deposits on
which the Howard soil series is developed.

INTRODUCTION

The results of a reconnaissance study of the surficial
geology and the soils of the region south of the Finger
Lakes in central New York and northern Pennsylvania
(pl. 1) are presented in this paper. The region is a
part of the Appalachian Plateaus physiographic prov-
ince, which is underlain by gently folded sedimentary
rocks of Paleozoic age. A small segment of the Valley
and Ridge province is included near the southern
border. Glacial drift of Wisconsin age covers the cen-
tral and northern parts. Although the surficial mantle
south of the drift border is chiefly alluvial, colluvial, or
residual deposits of Wisconsin or of Recent date, there
are many isolated patches of older, strongly weathered
materials of pre-Wisconsin age. Sols Bruns Acides are
the most extensive great soil group occurring throughout
the region. Podzols and Gray-Brown Podzolic soils are
also widespread, and on long, smooth slopes Low Humic-
Gley and Humic-Gley soils are common. Organic soils
are of small extent. Red-Yellow Podzolic soils are
found only in very small areas south of the Wisconsin

drift border where they are developed on strongly
weathered parent materials.

We studied the region together in 1953 and 1954 and
found that the drift is dominantly of early Wisconsin
age, the Olean substage of MacClintock and Apfel
(1944.) This drift is thin and patchy, is composed of
the relatively soft sandstones, siltstones, and shales of
the Appalachian Plateaus, commonly has a low calcium
carbonate content, and is deeply leached; its surface is
mantled by extensive rubbly colluvial deposits. The
Valley Heads moraine of Fairchild (1932) near the
squthern ends of the Finger Lakes is composed of rela-
tively thick drift containing a considerable amount of
somewhat resistant sedimentary and crystalline rocks.
This drift has a relatively high free carbonate content
and is leached to only shallow depth. Its correlation
with drifts in other areas is in doubt (Denny, 1956a).
Olean drift is older than Valley Heads drift and is
perhaps post-Sangamon but pre-Farmdale in age, on the
basis, in part, of a carbon-14 date from peat at Otto,
N.Y. (Suess, 1954). Differences in soil development on
these two Wisconsin drifts are clearly related to the
lithology of the parent material or the drainage, rather
than to weathering. We believe that the soils are rela-
tively young, are in equilibrium with the present en-
vironment, and contain few, if any, features acquired
during past weathering intervals. The effect of tree
throw on soil profiles clearly indicates that soils form
rapidly following disturbance or removal.

South of the Wisconsin drift border are isolated
patches of strongly weathered drift, colluvium, and
residuum of pre-Wisconsin age. Although such mate-
rials are commonly overlain or mixed with less weathered
mantle, the yellowish-red color, characteristic of the
strongly weathered materials, is generally not masked.
This drift is presumed to be of Illinoian age, and it was
probably strongly weathered to considerable depths in
Sangamon time and greatly eroded since the last in-
terglacial period. The old drift and the other materi-
als of pre-Wisconsin age apparently acquired their
present red color in pre-Wisconsin time. Where exposed
at the surface, such strongly weathered mantle is the
parent material of modern Red-Yellow Podzolic soils.
Sols Bruns Acides or Gray-Brown Podzolic soils,
developed on slightly weathered parent materials that
are well, moderately well, and somewhat poorly drained,
are found adjacent to these red soils. We believe that
the development of these Red-Yellow Podzolic soils is
due to the presence of strongly weathered parent
materials.

The distribution of great soil groups compared with
forest areas shown on the small-scale map of Hough
and Forbes (1943, fig. 1) shows a reasonably close
relationship. However, in 1954, John C. Goodlett, of
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Johns Hopkins University, made a reconnaissance map
of the vegetation of the region, and a comparison of this
map (pl. 6), which employs vegetation units used
previously by Goodlett in Potter County, Pa. (Good-
lett, 1954), with the distribution of the great soil groups
does not show a close relationship.

The Elmira-Williamsport region comprises about
5,000 square miles in northeastern Pennsylvania and
south-central New York (pl. 3). The region extends
from the heads of the Finger Lakes in central New York
southward to the West Branch Susquehanna River near
Williamsport, Pa. (pl. 1). The region’s west boundary
is near the longitude of Bath, N.Y., and Wellsboro, Pa.
Its eastern boundary passes east of Owego, N.Y. and
Towanda, Pa.

The project, one of several cooperative studies by
the Geological Survey and the Soil Survey, Soil Con-
servation Service, U.S. Department of Agriculture, was
a reconnaissance of about twenty-five 15-minute quad-
rangles, including all or parts of the following counties:
Chemung, Schuyler, Steuben, Tioga, and Tompkins
Counties in New York, and Bradford, Columbia,
Lycoming, Sullivan, and Tioga Counties in Pennsyl-
vania. The project involved no detailed mapping; the
chief localities studied were the rather numerous deep
exposures, where surficial deposits and soils were ex-
amined and samples were collected for laboratory
analysis. Pebble counts were made of gravels at many
borrow pits. The maps of the surficial geology and of
the great soil groups (pls. 1, 5) are based on this recon-
naissance field study, published geologic maps, and
interpretation of soil maps of the several counties in the
region.

Paul Blackmon of the Geological Survey assisted
for several weeks in 1954 and has made a preliminary
study of the clays in some of the surficial deposits.
Samples from a number of soil profiles were analyzed
in the laboratory of the Soil Conservation Service at
Beltsville, Md. The numerical symbols of the Munsell
color system are placed in parentheses after the color
names, which are those of the Soil Conservation Service
(Soil Survey Staff, 1951).
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TOPOGRAPHY

The Elmira-Williamsport region is a dissected plateau
mainly within the Susquehanna River drainage system;
only the northern fringe is tributary to Lake Ontario.
The central and southern part of the region, largely
within the Allegheny Mountain section of the Appa-
lachian Plateaus province (pl. 2), is a plateau dissected
to depths of more than a thousand feet. Ridgesranging
in altitude from about 700 to 2,500 feet and composed
in part of sandstone or conglomerate preserved in
synclines are bordered by anticlinal lowlands of shale
and siltstone. To the south, the region includes the
broad valley of the West Branch Susquehanna River,
a part of the Valley and Ridge province.

The northern segment is part of the Southern New
York section of the Appalachian Plateaus province con-
taining the southern ends of the Finger Lakes. The
plateaus in New York have broad undulating summits
and relatively steep side slopes, but the general aspect
is not as rugged as in Pennsylvania. Low, northward-
facing cuestas cross the uplands near the southern ends
of the Finger Lakes basins (Von Engeln,1932, fig. 5;
Fenneman, 1938, fig. 86).

Tarr described the Southern New York section as
follows (Williams, Tarr, and Kindle, 1909, p. 1):

Although the uplands are not rugged, they are far from
level. * * * Owing to the influence of the nearly horizontal beds
of shale and sandstone, the hills are commonly flat-topped and
their upper slopes are usually smooth and well-rounded. They
vary greatly in shape but are typically curved, inclosing broad,
moderately sloping, shallow, cirquelike areas above which they
rise 100 or 200 feet. In places the more resistant layers have
been etched by denudation into terrace forms, but these upland
divides and hilltops are, on the whole, * * * evenly sloping * * *,

Below these mature uplands the slopes of the valley sides
become much steeper * * *.  These steeper slopes, which extend

in places up to the very divide, are found here on one side only, -
there on both sides, in the latter case giving the valley the ap-
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pearance of a broad gorge. * * * On the steeper slopes * * * and
to a less extent on the hilltops themselves * * * are rock terraces
contouring the hill sides, and at the bases of many of them springs
emerge, forming swampy patches.

The deep straight valleys that contain the Finger
Lakes were called “through valleys” by Tarr (Williams,
Tarr, and Kindle, 1909, p. 2).

These valleys are all peculiar in character. They are very

narrow, they do not progressively widen from head to mouth of
the stream, their walls are steep, their sides are straight and show
a marked absence of projecting spurs, and they have no pro-
nounced divides at the heads of the streams, the present divides
being on low morainic or other glacial deposits, and not in the
narrowest parts of the valleys * * *.  The narrowest part * * *
is in that protion of the plateau which is highest and which may
be considered to be the normal divide region between the St.
Lawrence and Susquehanna systems; but the present divides of
the larger streams are near the northern edge of this higher belt,
not in the middle.
Because the rock floors of at least some of the Finger
Lakes basins lie well below sea level, and some tribu-
taries flow in hanging valleys or hanging gorges (such
as Watkins Glen at the south end of Seneca lake),
geologists generally agree that the though valleys have
been deepened by glacial erosion.

Much of the region slopes moderately or steeply.
Terraces and flood plains, comprising about 10 percent
of the region, are bordered by steep slopes; the most
extensive areas of gently sloping land are on the uplands.

Many of the principal valleys follow courses that are
probably adjusted to the geology. Some of these
valleys trend parallel to the structural axes, other run
across the axes nearly parallel to the regional strike.
The valleys of the Cohocton and Canisteo Rivers, for
example, are at right angles to the structural axes but
are parallel to the belt of outcrop of the Upper Devonian
rocks (pl. 2). Even some of the meanders of the
Canisteo River seem to follow minor folds in the bed-
rock (Bradley and Pepper, 1938).

Some stream courses suggest glacial modification of
an older drainage system. The gorge of Pine Creek
southwest of Wellsboro, Pa., for example, owes its
origin to erosion by glacial melt water. Before the
gorge was cut, the headwaters of Pine Creek were tribu-
tary to the Tioga River and drained northeastward.

BEDROCK GEOLOGY

The bedrock beneath the surficial deposits, and from
which the deposits were in large part derived, is sedi-
mentary rock of Paleozoic age, gently folded except in
the Valley and Ridge province (pl. 2). The rocks are
chiefly sandstone, siltstone, and shale, together with
lesser amounts of conglomerate, limestone, and coal.
Of these, sandstone and conglomerate outcrops are
the most conspicuous, but siltstone and shale probably

underlie the larger area. The massive coarse-grained
beds, chiefly of late Paleozoic age, underlie the Penn-
sylvania highlands. Finer grained rocks, chiefly of
late Devonian age, form most of the uplands in New
York. ’

Structurally, most of the rocks form broad, open
folds that trend northeastward and are spaced about 5 to
10 miles apart. In the southern part of the region, the
Valley and Ridge province, the rocks dip steeply, some
as much as 90°. But in spite of local differences, the
region is structurally unified by folds that extend across
the entire region. In general, the structural axes
plunge slightly southwestward, and the older rocks
crop out in the northeastern part of the region.

SURFICIAL DEPOSITS OF PRE-WISCONSIN AGE

Strongly weathered red or yellowish-red drift, col-
luviam, alluvium, or residuum occur as isolated patches
south of the Wisconsin drift border (pl. 1). Such
material has been called “pre-Wisconsin paleosol” by
Denny (1956b), who showed that scattered outcrops,
at altitudes of up to 2,500 feet, can be traced just out-
side the Wisconsin drift border from New Jersey to New
York (pl. 3). Red-Yellow Podzolic soils ordinarily
are developed on such reddish material whose color is
brighter (greater chroma) than any of the weathered
Wisconsin drift or any surficial materials derived from
the local red beds (Denny, 1956b, fig. 4). Commonly,
the pre-Wisconsin materials consist of bedrock frag-
ments so strongly weathered that the original nature of
the deposit is difficult to determine (fig. 1).

The occurrence of old weathered drift south of the
Wisconsin limit has long been recognized, but Leverett
(1934) is the only geologist who has studied it in some
detail. His map (Leverett, 1934, pl. 1) is highly gen-
eralized and shows pre-Wisconsin drift far more exten-
sive than is actually the case. The old drift occurs as
isolated patches, a few of which are shown on plate 1.

The only attempt at detailed mapping of the old drift
is the county soil surveys, chiefly those of Liycoming,
Columbia, Union, Montour, and Northumberland Coun-
ties, Pa. These soil surveys have limited geologic value
because they interpret most surficial deposits as being
pre-Wisconsin drift, whereas most of the surficial
mantle in these counties is younger.

Because the old drift is strongly weathered to depths
of many feet, it almost certainly is pre-Wisconsin (Denny,
1956b, p. 17). The period of weathering is tentatively
assigned to the Sangamon interglacial stage. Leverett
(1934) recognized two pre-Wisconsin drifts in north-
eastern Pennsylvania—the Illinoian and the Jerseyan—
but the authors have been able to demonstrate the
existence of only one, believed to be the Illinoian.
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FIGURE 1.—Surficial deposits and soils in an area south of Wisconsin drift border
or younger residuum or colluvium, and mixtures of these deposits.

The positive identification of strongly weathered
material as glacial drift is, in fact, difficult. For ex-
ample, streams flowing out of sandstone mountains
into shale valleys build alluvial aprons. Thus, the
pre-Wisconsin drift on the uplands east of Hughesville,
Pa. (see p. 29), might be remnants of ancient alluvial
deposits laid down by streams flowing southward to
the Susquehanna River from highlands of sandstone
and conglomerate. Although the smoothed and stri-
ated pebbles in the drift near Hughesville are not proof
of transport by glacial ice, they suggest such an origin,
which is supported by the distribution of the old drift—
abundant remnants near the Wisconsin drift border and
none further south."

DRIFT

The pre-Wisconsin drift includes both till and gravel
commonly weathered to the base of the exposure; that
is, to at least 5 feet. At a deep exposure near Mont-
gomery, Pa., on the west side of the West Branch
Susquehanna River south of Williamsport, fresh drift
was reconized beneath a weathering profile 33 feet thick.
This gravelly and well-drained drift has weathered red,
perhaps by thorough oxidation. This thick weathering
profile at Penny Hill near Montgomery (pl. 1, loc. 35),
and a similar but shallower profile near Hughesville,
about 18 miles east of Williamsport (pl. 1, loe. 33), are
described in detail on page 30.

Strongly weathered gravel, perhaps glacial outwash
of pre-Wisconsin age, occurs along the West Branch
Susquehanna River and its principal tributaries, Pine,
Lycoming, Loyalsock, and Muncy Creeks (Peltier,
1949; Denny, 1956b, p. 19). Whether such gravels
are indeed glacial outwash or whether they are alluvial

. Idealized section of dissected uplands mantled by pre-Wisconsin drift, Wisconsiﬁ

Thickness of surficial deposits exaggerated. Stratigraphic relations shown only in some places.

deposits of nonglacial origin derived from adjacent
highlands has never been determined.

Gravel and sand weathered yellowish red occur in the
the valley of Liycoming Creek north of Williamsport,
Pa. At Cogan Station, about 5 miles south of the
Wisconsin drift border (pl. 1, loc. 29), yellowish-red
unstratified gravel and sand contain pebbles, mostly
of sandstone but including some siltstone and conglom-
erate, held in a matrix of sand and silt mottled red,
reddish brown, and black. All are weathered through-
out and surrounded by clay skins. The pebbles break
with only a light touch of the hammer and about 10
percent can be broken by hand. The gravel and sand
near Cogan Station may well be outwash because pre-
Wisconsin till crops out in the vicinity. Strongly
weathered till containing striated rock fragments occurs
along Lycoming Creek about 2} miles to the north
and on uplands 2 or 3 miles east.

The remnants of pre-Wisconsin drift occur on uplands,
on slopes near valley floors, and as terraces adjacent to
flood plains (fig. 1). Those remnants on uplands are
entirely till containing erratics or striated rock frag-
ments. The terrace deposits near valley bottoms are
chiefly of fluvial origin and are identified as glacial be-
cause they are adjacent to bodies of pre-Wisconsin till.
Other gravel deposits, similar in lithology, in topo-
graphic position, and in state of weathering, but not
associated with till, are also assigned to glacial outwash.

Pre-Wisconsin drift has been seen beneath Wisconsin
and younger alluvium and colluvium, but it has never
been positively identified beneath Wisconsin drift.
For example, an isolated outcrop of strongly weathered
material, probably old drift, was seen about 1}% miles
north of the Wisconsin drift border. The old drift is
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FIGURE 2.—Section of strongly weathered mantle overlain by weakly weathered
mantle, Wisconsin colluvium resting on probable remnants of pre-Wisconsin drift.
Exposure in road cut north of the Wisconsin drift border near Hughesville, Lycom-
ing County, Pa., about 15 miles east of Williamsport (pl. 1, loc. 31). Wisconsin
drift s exposed nearby.

overlain by colluvium (fig. 2), but the contact is largely
concealed by slumping. Wisconsin drift is exposed
nearby. The strongly weathered material is silty clay
loam, mottled red (2.5YR 4/7-5/8), reddish yellow
(5YR 6/8), very pale brown (10YR 7/3), and black,
and is intersected by light-gray (10YR 7/2) bands,
about a quarter of an inch wide, that apparently formed
along narrow cracks. Throughout the material are
scattered equidimensional subangular fragments of
sandstone, siltstone, and conglomerate more than a
quarter of an inch in diameter. Most of the fragments
are weathered, and many can be cut with a shovel or
broken by hand; a few are firm. The overlying silty
material, weakly weathered yellowish to reddish brown,
contains some rock fragments and supports a Sol Brun
Acide (Lackawanna channery silt loam); the same soil
is developed on adjacent reddish drift of Wisconsin age.
The relations indicate but do not prove that this
probable old drift and its strong weathering both
antedate the Wisconsin stage.

COLLUVIUM AND RESIDUUM

Bodies of unconsolidated material covering several
acres south of the Wisconsin drift border are weathered
like the drift just described, but they lack striated
fragments of rock. Accordingly, these bodies are re-
garded as colluvium or residuum, although precise
identification is often impossible. For the most part
the old residuum or colluvium is buried beneath several
feet of younger colluvium (Denny, 1956b, fig. 7), but in
a few places the strongly weathered deposits are exposed
at the surface.

DRIFT OF WISCONSIN AGE

Wisconsin drift includes till, glaciofluvial deposits,
and lake sediments (pl. 1). These deposits are de-
scribed below, together with brief mention of the
Valley Heads moraine of Fairchild. The soils developed
on Wisconsin drift are predominantly Sol Brun Acide
and Gray-Brown Podzolic. Representative examples
of such soils are described on pages 37-51.

TILL

The character of the till depends primarily on the
nature of the adjacent bedrock. Thus, sandy textures
are found in till adjacent to coarse-grained sandstone
and conglomerate, such as the rocks of Pennsylvanian
age (pl. 2); and loamy till (silty clay loam or silt loam),
is the most abundant type where the bedrock is chiefly
fine-grained sandstone and siltstone, for example, rocks
of Devonian age (pl. 2). Likewise, the Mississippian
red beds impart their color to the till, massive sandstone
and conglomerate of Pennsylvanian age contribute
boulders and cobbles, and thin-bedded rocks of Missis-
sippian and younger ages contribute many channers and
flags. Although the majority of the rock fragments in
till are not striated, such stones are easy to find. The
till may be massive or it may have an irregular stratifi-
cation in which the stratification planes are discontin-
uous and commonly several feet apart.

The till ranges from 1 foot to more than 20 feet in
thickness, rests on bedrock, and is overlain by fluvial,
lacustrine, and colluvial deposits. Till resting on water-
laid drift was found only at one locality, in the uplands
about 2 miles southeast of Horseheads, N.Y. (pl. 1, loc.
16). Other exposures of till resting on water-laid drift
in the vicinity of Elmira have been reported by Tarr
(Williams, Tarr, and Kindle, 1909), MacClintock and
Apfel (1944), and Wetterhall (1958).

The lithology of the till in the Valley Heads moraine
of Fairchild and northward nearly to Lake Ontario has
been described by Holmes (1952), who divided samples
of unweathered rock fragments % to % inch in diameter
into lithologic groups. His data show that near the
Finger Lakes, the till contains many fragments that
came largely from the region north of the lakes, whereas
on the uplands between the lakes the fragments are
chiefly local bedrock. Fragments of igneous and meta-
morphic rock are present in small amounts and are
uniformly distributed both in the through valleys and
on the uplands (Denny, 1956b, p. 24-27), although the
amounts are slightly greater in the western part of the
region.

Because depth of leaching of calcareous till has long
been used as one method of correlation of drift sheets,
we tried to determine the carbonate content of un-
weathered drift and its possible relation to leaching.
Figure 3 shows no marked difference in carbonate con-
tent between tills of the two substages. The highest
values are from samples of Valley Heads drift. Using
these analyses, field observations, and Cline’s (1955)
soil-association map of New York, we have constructed
a map showing the content of calcareous material in
unweathered till (fig. 4).

This generalized map shows a decrease in carbonate con-
tent southward from the belt of outcrop of limestone
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FIGURE 5.—Graph showing change in content of erratic pebbles in glaciofluvial
deposits along a through valley southward from the Valley Heads moraine. The
zero point of traverse is on the south edge of the moraine north of Horsecheads,
Chemung County, N.Y. The traverse runs southward to Elmira, eastward down
Chemung River valley to Athens, and southeastward down the Susquehanna
River valley almost to the Wyoming Valley at Pittstown (pl. 3). Compiled from
data shown on figure 7 and on table 3 in Peltier (1949).

A systematic change in the erratics in the valley-
train deposits is illustrated by figure 5, which shows the
change in content of erratic pebbles along a through
valley southward from the Valley Heads moraine for
about 100 miles. The graph includes data gathered by
Peltier (1949) that may not be entirely comparable to
that of figure 7. The total content of erratic pebbles
decreases from about 40 percent near the moraine to
about 16 percent near Falls, Pa., about 100 miles away.
Although the amount of limestone near the moraine is
several times greater than the amount of chert, the
limestone rapidly decreases in abundance downstream,
probably because it is less durable.

In many of the smaller valleys, and in some places
even on the uplands, are narrow terraces, ridges, or
knolls of gravel and sand that commonly surround
kettles. These kames, composed of pebbly to bouldery
gravel and coarse and fine sand, occur at heights of 30 to
300 feet above adjacent floodplains (pl. 4). Strat-
ification is variable: some kame deposits are well bed-
ded, and others are irregularly stratified. The internal
and external character of the deposits indicates deposi-
tion in association with wasting glacial ice; commonly
kames were built by melt-water streams flowing between
the ice and the valley walls.

The maximum exposed thickness of glaciofluvial
deposits is about 50 feet, but topographic relations
suggest a thickness of perhaps 100 feet in a few places,
a figure supported by well records (Wetterhall, 1958).
The deposits rest on bedrock, till, or lake deposits and
are in places overlain by Recent alluvium and by
colluvium of Wisconsin or younger age.

In the region as a whole, the carbonate content of the
fine fraction of the glaciofluvial deposits decreases south-

ward and depth of leaching increases. However, the
relations within any one area are more complex. For
example, the calcium carbonate content of the matrix
in about a dozen samples of unweathered gravel ranges
from 4 to 31 percent, while the depth of leaching ranges
from 2% to 15 feet. But in spite of a wide scattering of
points, there is a rough increase in depth of leaching
with a decrease in carbonate content of the matrix
(fig. 6).

The content of limestone pebbles in the glaciofluvial
deposits also ranges from zero throughout much of
Pennsylvania, where the depth of leaching may be
more than 20 feet, to nearly 40 percent in parts of New
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Sample Location
1,2 Near Manchester, Ontario County, N.Y. (pl. 3,
loc. 1).
3 Shiner gravel pit, Wysox, Bradford County, Pa.
(pl. 1, loc. 27).

Soil type
Palmyra gravelly loam.

Howard gravelly loam.

4 Gravel pit in large delta, 13 mile southeast of Do.
Hammondsport, Steuben County, N.Y. (pl. 1,
loc. 5).

5  Gravel pit, 16 mile northwest of Breesport, Chem- Do.
ung County, N.Y. (pl. 1, loc. 14).

6 One-half mile west of Weston, Schuyler County, Do.

N.Y. (pl. 1, loc. 3).

7  Onemile east of Howard, Steuben County, N.Y. Chenango gravelly loam.

(pl. 1,10c. 6).
8 Gravel pit, Mitchellsville, Steuben County, Do.
N.Y. (pl. 1, loc. 4).
9 Pipeline trench, 3 miles north of Owego, Tioga Do.
County, N.Y. (pl. 1, loc. 15).
10 Gravel pit, 115 miles north of Troupsburg, Steu- Do.
ben County, N.Y. (pl. 3, loc. 10).
11 Gravel pit, 2 miles west of Roseville, Tioga Do.
County, Pa. (pl. 1, loc. 24).
12 Gravel pit, mouth of Jackson Creek, Schuyler Do.
County, N.Y. (pl. 1, loc. 10).
13 One-half mile west of Stephens Mills, Steuben Do.

County, N.Y. (pl. 3,10¢. 4).

FIGURE 6.—Graph showing relation between the carbonate content of the matrix of
some glaciofluvial deposits, depth of leaching, and soil type.
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York (fig. 7), where calcareous pebbles may be present
at depths of only 2)% feet. When plotted on a graph
(fig. 8), the data suggest a slight increase in depth of
leaching with a decrease in the content of limestone
pebbles.

MacClintock (1954) gathered data on the depth of
leaching and the limestone content of glaciofluvial de-
posits throughout the northeastern United States.
The data, when plotted as in figure 8, fell into three
groups, each was restricted to a limited range of depth
of leaching while extending over a wide range in content
of limestone pebbles (MacClintock, 1954, fig. 1).
Plotted on a map, his 3 groups fell into 3 geographic
belts which, MacClintock believed, mark the deposits
of 3 Wisconsin substages. Our graph for the Elmira-
Williamsport region (fig. 8) does not show distinct
grouping by depth of leaching. It is true that some
observations are within the range from 2 to 7 feet,
others from 5 to 9 feet, and still others 10 feet or more.
However, no overall grouping such as was obtained by
MacClintock is possible.

Also, there is no grouping by depth of leaching, like

that made by MacClintock, that has geographic
continuity (fig. 7). For example, gravels in the through
valleys in New York, such as the valleys of the Sus-
quehanna, Chemung, and Cohocton Rivers, range in
average depth of leaching from 3 to 10 feet, but in
Pennsylvania some gravels are leached to a depth of
15 or 20 feet, while others in the vicinity are leached to
depths of as little as 4 or 5 feet. The depth of leaching
of the glaciofluvial deposits does increase southward
as their content of calcareous material decreases, but
the change is gradual and cannot be used to subdivide
the glaciofluvial deposits.

LAKE SEDIMENTS

In the valley of the Chemung River from Elmira to
Sayre, lake beds underlie the glaciofluvial deposits.
The lake sediments accumulated in the narrow bedrock
valley of the river and its principal tributaries, and they
are older than the Valley Heads moraine of Fairchild,
perhaps antedating the Olean substage (MacClintock
and Apfel, 1944). Lake beds are exposed at the places
listed below.
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Locality

West bank of Chemung River,
west of Chemung, N.Y.,
about 1,500 feet north of
State line (pl. 1, loe. 20;
fig. 7, sample 37).

West bank of Chemung River,
west of Sayre, Pa., about
0.8 mile south of State line
(pl. 1, loe. 21).

Material exposed
Silt and clay, bedded; overlain
by pebble gravel forming
valley-train terrace. About
2 feet of lake beds exposed
aboveriver level at low water.
Silty clay, caleareous; forms
varves overlain by pebble
gravel forming valley-train
terrace about 30 feet above
river. About 6 feet of lake

beds exposed near river
level.
East bank of Chemung River Clay, calcareous, bedded;

west of Sayre, about 1,000
feet north of Chemung River
bridge, State Route 427 (pl.
1, loe. 22).

forms varves overlain by
gravel forming terrace about
40 feet above river. (See
section below.)

Local inhabitants reported that sand and clay under-
lying glaciofluvial deposits are exposed in borrow pits
along the Susquehanna River near Owego, N.Y.; and
clay underlying gravel has been reported in the
Chenango River valley near Binghamton (Brigham,
1897).

Section of gravel overlying lake sediments in east bank of Chemung
River near Sayre, Bradford County, Pa. (pl. 1, loc. 22). Ex-
posure 18 about 1,000 ft north of Chemung River bridge, State
Route 427.

Thickness
(feet)

Top: Valley-train terrace, about 40 ft above river:

1. Gravel, pebbly; not well exposed, resembles unit
2 below; noncalcareous near top, calcareous at
depths ranging from 3 to 6 ft________________ 22

2. Gravel, cobbly and bouldery, coarse sandy matrix,
calcareous, dark grayish-brown (2.5} 4/2—
10Y R 4/2), faintly stratified to massive. Lower
contact sharp, essentially horizontal for ex-
posed distance of 200 ft; local relief less than

3. Lake beds; silt, clayey, calcareous, light olive-
brown (2.5Y 5/4), massive. Lower contact
sharp, wavy; local relief ranges from 2 to 3
inches. About 200 ft to the south this unit
changes to calcareous medium to fine sand,
about 2 ft thick that rests disconformably on
the lake beds of unit 4_ _____ ________________ 3%

4. Lake beds; clay, silty, calcareous, gray (5Y 5/1),
stratified; form varves ranging from 2 to 4
inches in thickness and consisting of a relatively
thick layer of silty clay that grades upward into
a thin layer of clay; the contact between two
varves is sharper than that witbin a varve___. 13

Base: Chemung River, low-water stage.

Wetterhall (1958) in his study of the ground-water
resources of Chemung County found blue clayey silt
underlying gravel in many valleys. Silt also crops out
on the west side of the valley at Elmira Heights, in the
lowlands between Horseheads and Big Flats, and in the
Valley Heads moraine north of Horseheads. Near

Elmira Heights, Wetterhall found that the depth to
bedrock ranges from 30 feet in many places to more
than 400 feet in a narrow channel cut into the relatively
flat buried bedrock floor of the valley. The lower part
of the channel is filled with gravel. Above this gravel
is silt that fills the channel and mantles the adjacent
bedrock floor of the valley. Wetterhall believes that
before the last glaciation, a lake filled the larger bedrock
valleys of the Elmira area and that the sediments
deposited in this lake were extensively eroded before
their burial by drift. The lake could have formed
during retreat of a pre-Olean, possibly Illinoian, ice
sheet, or the lake may have been dammed by a part of
the Olean ice sheet before being overridden.

Although the Tioga River drains northward and
appears to be favorably located for the development of
a large melt-water lake, no extensive lake sediments
were found there. The deposits of glacial Lake
Cowanesque (Willard, 1932) and the lake sediments
along North Elk Run near Mansfield, Pa. (pl. 1, loc. 26),
apparently represent only small proglacial lakes.

DRIFT BORDER

No conspicuous terminal moraine marks the limit of
Wisconsin glaciation. In a few places there are sub-
dued knolls and ridges but, commonly, no topographic
break is visible. The south border of Wisconsin drift
crosses the Elmira-Williamsport region in a south-
easterly direction (pl. 1). From Muncy Creek north-
westward to Pine Creek, a distance of about 40 miles,
the drift border trends about N. 66° W., following a
winding course in a belt about 6 miles wide and chang-
ing in altitude from about 650 feet along Muncy Creek
to about 2,250 feet on Laurel Mountain. Although the
location of the drift border is based largely on recon-
naissance, it was precisely identified at a number of
points which were used to determine the slope of the
surface of the ice sheet (fig. 9). All these points are
along roads or trails where the limit of till can be defined
within a distance no greater than a quarter of a mile.
Assuming that these points mark the position of the
front of the ice sheet and that the ice reached its south-
ernmost limit at about the same time, contours on the
restored ice front can be drawn by using the three-point
method. Thus, between the accurately located points,
the drift border corresponds to the intersection of these
restored contours with the existing land surface.

Although for simplicity the contours are drawn as
straight lines across the narrow valleys, it is probable
that the ice tongues were highest in the center of the
valleys and sloped outward to the adjacent walls. The
restored contours suggest that the slope of the surface
of the ice, ranging from 100 to 500 feet per mile, in-
creased slightly as the drift border is approached.
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little or no matrix. The colluvium rests on older
deposits—drift, colluvium, alluvium, residuum—and
also on bedrock. It is not commonly overlain by other
material. The soils developed on colluvium are the
same as those developed on Wisconsin till of similar
lithology and drainage (see p. 37-51).

Much of the colluvium is of Wisconsin age, because
no evidence of weathering of Wisconsin drift before
colluvial deposition has been found and because col-
luvium seems to be more extensive south of the Valley
Heads moraine than north of it. This evidence in-
dicates that much of the colluvium antedates the em-
placement of the moraine. Similar colluvial materials
in Potter County, Pa., just west of the region have been
called periglacial deposits (Denny, 1956b) and are
attributed to mass movement during Wisconsin tine,
probably during deglaciation. Some colluvium is
unquestionably of Recent age, such as that near
Daggett, Pa. (p. 17). Thick colluvium of modern
date on a small flood plain in the Allecheny Plateau of
eastern Pennsylvania has been described by Lattmann
(1959).

COLLUVIUM NEAR THE WISCONSIN DRIFT BORDER

A common feature near the Wisconsin drift border is
channery or flaggy colluvium along the sides of valleys.
This material is derived from extensive areas underlain
chiefly by the Chemung formation, of Late Devonian
age, a thin-bedded gray siltstone and sandstone together
with some shale, and partly by the Catskill formation,
red beds also of Late Devonian age (pl. 2). The
uplands east of Hughesville, about 15 miles east of
Williamsport, Pa., for example, are largely mantled by
colluvium made up almost exclusively of shale and thin-
bedded sandstone fragments as much as 3 inches in
diameter. These porous deposits are the “shale-frag-
ment slopes” of Peltier (1949, p. 64-67). The slabby
fragments lie parallel to the slope, similar to shingles on
a roof, and the deposits are at least 8 feet thick. In
general, the amount of rock fragments increases with
depth. Most of the colluvium near the drift border is
of Wisconsin or of Recent age, but locally it contains
traces of strongly weathered material, either as soft,
strongly weathered fragments mixed with less weathered
and firmer rock particles or as traces of the characteristic
red color of the pre-Wisconsin deposits. The soils on
colluvium are dominantly Sol Brun Acide and Gray-
Brown Podzolic. Near the Wisconsin drift border the
soils are commonly members of the Weikert-Hartleton-
Allenwood association (pl. 5). A detailed description
of such colluvium and of a Weikert soil developed on it
at a locality near Hughesville, Pa., is given on page 34.

Steep slopes underlain by coarse-grained sandstone
and conglomerate (the younger Mississippian and

Pennsylvanian rocks, pl. 2) result in the formation of
rubble, such as is found in parts of all the major valleys
that cross the drift border. Rubbly colluvium formed
by Wisconsin or younger mass movenent overlying at
least 10 feet of strongly weathered pre Wisconsin gravel
was seen near English Center, Lycoming County, Pa.
(Denny, 1956b, p. 38-39, pl. 3F). Coarse-textured and
rubbly colluvium commonly are parent materials of
Podzols or Sols Bruns Acides that are mapped in the
Leetonia-Dekalb association (pl. 5).

Masses of bouldery rubble occur in some of the small
valleys in the higher plateaus. Although most are
concealed beneath a forest cover, some deposits are
nearly free of vegetation and have been called block
fields (Peltier, 1949; Denny, 1951; Smith, 1953).

COLLUVIUM OVERLYING STRATIFIED DRIFT

The time of formation of the colluvium cannot be
precisely determined, but several lines of evidence
suggest that much of it formed during deglaciation. At
several localities colluvium rests on bedded fluvial or
lacustrine sediments in such a way that it must have
moved downslope to mantle the older deposits. Be-
cause there is no evidence of weathering of these bedded
materials before emplacement of the colluvium, it was
probably laid down shortly after the underlying sed-
iments. For example, rubbly colluvium overlying
glaciofluvial deposits was seen in borrow pits near Tioga,
about 10 miles north of Wellsboro, Pa., and in the
Canisteo River valley near (Clameron, about 15 miles
west of Corning, N.Y. (fig. 10, sections A and B). The
colluvium exposed in the pit near Tioga is a red chan-
nery and flaggy silt loam derived by weathering of bed-
rock on the adjacent steep slope. Between the colluvi-
um and the underlying glaciofluvial gravel and sand are
transitional beds, 5 to 10 feet thick, that record a change
from fluvial deposition of sorted material to colluvial
deposition of unsorted debris. Similar stratigraphic
relations are shown in a borrow pit at the base of a bed-
rock bill near Cameron (fig. 10, sec. B), where gravel and
and sand were eroded or perhaps modified by mass-
wasting before or during accumulation of the oveilying
colluvium. The tongues of colluvium that project
downward into the sand may mark the location of
ancient gullies. Presumably, the ice which caused the
accumulation ol the underlyiug glaciofluvial sediments
was largelv melted when mass movement took place.
But at neither of these pits is there evidence of weather-
ing between alluvial and colluvial deposition.

Similar stratigraphic relations are exposed near Troy,
about 17 miles west of Towanda, Pa. (fig. 10, sec. (),
where the base of the colluvium has a relief (at right
angles to sec. C) of as much as 14 feet. This relief
indicates erosion of the underlying gravel and sand
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before or during colluvial deposition. The colluvium
was probably derived from material on the adjacent
bedrock slope, but its dissection leaves no doubt that
it is not accumulating at the present time. ,

North of Owego, N.Y., colluvium resting on glacio-
fluvial deposits was observed in a 5-foot-deep pipeline
trench that crossed the valley of Owego Creek (fig. 14).
The sediments and associated soils exposed in this
trench are described on page 37.

Colluvium has been observed resting on lake beds.
Near New Albany, about 12 miles south of Towanda,
Pa. (fig. 10, sec. D), a channery and flagey colluvium
overlies lake sediments, with transition beds of sandy
material between. The boulder bed beneath the lake
deposit is perhaps a lag concentrate derived by erosion
of the till before formation of the lake. Here again,
there is no evidence of weathering of the deposits
beneath the colluvium; rather, the relations suggest
that it was emplaced shortly after the lake deposits.
The collnvium that rests on lake deposits exposed along
Elk Run near Mansfield, about 9 miles east of Wells-
boro, Pa. (fig. 10, sec. E), contains a few rounded and
striated rock fragments and resembles till. However,
the presence of striated stones is misleading because the
other constituents and the topographic relations dem-
onstrate local derivation by mass movement from the
adjacent drift-covered hillside. Since the colluvium is
leached to a depth of only 3% feet, whereas the till
nearby is leached down to depths of 10 feet, the col-
luvium may have been undergoing leaching for only a
compartively short time and may be Recent. On the
other hand, since carbonate could have been brought in
by downslope seepage of ground water, the colluvium
could be as old as the till.

At Daggett, Pa., on the west bank of Seeley Creek,
about 12 miles south of Elmira, N.Y., a loose faintly
stratified channery and flaggy colluvium overlies sandy
lake beds and forms the toe of a small fan. The col-
luvium lies at the mouth of a small gulch and probably
was carried from nearby slopes by streams incapable of
doing much sorting. The toe of the fan is dissected by
Seeley Creek, and a small stream flows in a shallow
gully down the fan, showing that it is not being actively
built at present; however, the colluvium may be only
a few hundred years old.

DEPOSITS OF RECENT AGE

Little is known about the geologic history of the
region in Recent time, nor can the Pleistocene-Recent
boundary be defined in terms of any deposits. The
record is largely erosional rather than depositional.
The glacial drift has been dissected, but when the dis-
section took place is unknown. Alluvium is the prin-

cipal Recent sediment, forming flood plains, low
terraces, and alluvial fans, but some colluvium is also
Recent. The flood plains are underlain by well-
stratified sand, silt, clay, and swamp deposits and are, in
general, finer grained near the surface and reflect local
source rocks. Some of the alluvium may have been
deposited when glacier ice was nearby, but most allu-
vium is now in transit down the valley. In afew places
alluvium shows cut-and-fill relations. Near Sayre, Pa.,
for example, in the east bank of the Chemung River,
gravel and silt forming a low terrace about 15 feet above
low water rest unconformably on and against glacial-
lake and stream deposits (described on p. 12). This
relation indicates dissection of the valley-train deposits
to depths below present river level, followed by deposi-
tion of alluvium up to a height of about 15 feet abave
river level. Renewed dissection exposed this Recent(?)
fill. Along the Chemung River and the upper Sus-
quehanna River, the gravelly alluvium contains many
pebbles of limestone, dolomite, and chert and resembles
the adjacent glaciofluvial deposits. In small valleys
and in the southern part of the region the alluvium is
commonly flaggy and contains many angular slabs of
thin-bedded sandstone and siltstone (Denny, 1956b, fig.
18).

The alluvial fans are small, commonly only a few
hundred feet long, but large fans have developed in a
few places. For example, near Big Flats, northwest of
Elmira, N.Y ., short southward-flowing streams such as
Guthrie Run head in the uplands north of Big Flats and
flow out over a broad terrace north of the Chemung
River. These streams maintain large fans where they
leave the adjacent uplands. Most other streams
decending from the uplands end on active flood plains,
where their load is removed as fast as it is deposited.

The Recent deposits range in thickness from a few to
perhaps several tens of feet. They probably overlie
Pleistocene deposits in many places. Alluvial soils and
Sols Bruns Acides are the dominant soils developed on
the Recent deposits; the soils are commonly members of
the Tioga-Barbour-Chenango-Tunkhannock association

(pL. 5).

DISCUSSION AND INTERPRETATION OF THE GEOLOGIC
HISTORY

DEVELOPMENT OF PLEISTOCENE LANDSCAPE

The landscape of the Elmira-Williamsport region
conforms to the bedrock lithology and its structure,
rather than to any ancient peneplain. The postulation
of such an ancient erosion cycle is unnecessary to explain
any topographic feature. Tarr (1898), who was crit-
ical of Davis’ peneplain hypothesis, did not recouize
peneplains in this region (Williams, Tarr, and Kindle,
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1909), but most others have (Campbell, 1903; Fridley,
1929; Von Engeln, 1932; Cole, 1941). The apparent
accordance of summits in some areas reflects the bed-
rock geology and results from long continued erosion of
rocks of different resistance; it is essentially unrelated to
the activity of larger streams that flow in narrow valleys
many hundreds of feet deep (Dennv, 1956b, p. 43-51).
Of course, many prominent topographic features such
as the through valleys containing the Finger Lakes and
their hanging tributary valleys are commonly attributed
to glaciation, but such features are outside the scope of
this paper.

Any reconstruction of the landscape as it existed in
early Pleistocene time is speculative, but the region in
pre-Sangamon time was probably at least as rugged as
it is today. Thus, in Potter County, the major valleys
were as deep then as now (Denny, 1956b, p. 19).
Similarly, in the Elmira-Williamsport region, some of
the streams have cut through high areas that seem to be
drainage divides dating [rom pre-Sangamon time. For
example, from Ansonia, about 6 miles west of Wellsboro,
Pa., Pine Creek flows southward for many miles in a
deep gorge known locally as Pennsylvania’s ‘“Grand
Canyon.” Pine Creek rises in central Potter County
and flows eastward to Ansonia, where it turns abruptly
southward (pl. 3). However, a broad, open valley
extends eastward from Ansonia into the northward-
draining valley of the Tioga River. The divide be-
tween the Pine Creek and Tioga drainages is a swamp
on the floor of this broad valley, just north of Wellsboro.
The gorge probably originated in the following manner
(Fuller, 1903a).

The headwaters of Pine Creek were probably once
part of the Tioga drainage, entering it by way of the
broad valley east of Ansonia. However, ponded water
in the headwaters, dammed by ice to the north, over-
flowed southward across the lowest available point on
the drainage divide, southwest of Wellsboro near Har-
rison Lookout on the east side of the present gorge.
The overflow cut down the divide, and subsequent
erosion of both glacial and nonglacial origin has pro-
duced the present canyon. Since gravel dating from
pre-Wisconsin time occurs in the valley of Pine Creek
south of the Wisconsin drift border, the cutting of the
gorge probably antedates the Illinoian stage (Denny,
1956b, p. 51). The Canisteo River gorge, west of Corn-
ing, N.Y., the gorge of the Chemung River, just west
of Elmira, and other drainage features described by Tarr
(Williams, Tarr, and Kindle, 1909) also contain Wis-
consin drift and are of pre-Wisconsin age; presumably
their origin is also due to glaciation. These large
gorges probably date from early Pleistocene time
(Muller, 1957).

ORIGIN OF PRE-WISCONSIN DRIFT

Little is known about the extent, the age, or the
origin of the pre-Wisconsin drift in the Elmira-Wil-
liamsport region. In fact, the positive identification of
any of the strongly weathered materials as drift is
difficult. We did not map the extent of pre-Wisconsin
drift in any part of the region. Although two or more
pre-Wisconsin drifts (Illinoian and Jerseyan) have been
recognized in Pennsylvania and in New Jersey (Salis-
bury, 1902; Leverett, 1934, MacClintock, 1940), we
could not find a suitable basis for such a distinction in
this region (see also Peltier, 1949, p. 30; Denny, 1956b,
p. 18-19). There is no stratigraphic evidence nor any
difference in weathering indicative of more than one
pre-Wisconsin drift. Although the depth of weathering
of the pre-Wisconsin drift, more than 30 [eet at one
exposure (p. 30), is much greater than that of II-
linoian drift in the Middle West, the authors believe
that the old drift in the Elmira-Williamsport region is
probably of Illinoian age, as the greater depth of
weathering is probably related to the gravelly, porous
nature of the drift and the hilly to mountainous region
in which it occurs.

Little is known about the ice sheet that laid down
the pre-Wisconsin drift. The pre-Wisconsin ice near
Williamsport, Pa., extended about 30 to 40 miles farther
south than the Wisconsin ice sheet (Leverett, 1934, pl. 1)
but farther west, in north-central Pennsylvania, the
pre-Wisconsin drift was apparently completely over-
ridden by Wisconsin ice. With so few facts, we can
only speculate that the area of nourishment of the
pre-Wisconsin ice sheet was perhaps in a different
location than during Wisconsin time. But it is known
that the pre-Wisconsin ice encroached on a landscape
rather like that of today, filling valleys with outwash
now largely removed. In Potter County there was a
pre-Wisconsin valley fill more than 100 feet thick
(Denny, 1956b, p. 19).

SANGAMON INTERGLACIAL STAGE

The pre-Wisconsin drift and associated deposits
doubtless were extensively eroded and greatly weath-
ered during Sangamon time. Although we Dbelieve
that all the soils in the region are of Recent age, some of
them, especially the Red-Yellow Podzolic soils, have
some features inherited from such pre-Wisconsin weath-
ering. The nature of these inherited characteristics and
their significance is discussed on pages 25-33 and 51-53.

ADVANCE AND DISAPPEARANCE OF THE WISCONSIN
ICE SHEET

Little is known about the advance of the Wisconsin
ice sheet to its maximum extent. Because the drift in
the southern part of the region contains a few fragments
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of red, strongly weathered rock, the ice probably
advanced over remnants of a reddish weathered zone of
Sangamon age. When the ice reached its maximum
extent in Pennsylvania, it had a relatively straight and
steep front, the slopes ranged from 100 to 500 feet per
mile, and the ice was 1,000 feet thick about 5 miles north
of its terminus. Although the ice front was relatively
straight, it curved around small irregularities in the
bedrock surface, apparently where its thickness was
little more than 200 feet (fig. 9).

The northwestward trend of the Wisconsin drift
border suggests that the ice sheet moved southwest-
ward, and this is the attitude of most of the striae in
northeastern Pennsylvania and adjacent New York
(pl. 3). Since the striae run athwart many of the
major valleys, at any point except those close to the
drift border, the last movement of the ice sheet—that
which formed the strise—must have taken place when
its thickness was sufficient to permit it to flow without
regard for the local topography, that is many hundred
feet, and, locally, more than 1,000 feet.

The Wisconsin ice sheet did not build a prominent
moraine at its drift border, nor are there extensive
moraines in any part of the region south of the Valley
Heads moraine of Fairchild. Perhaps the ice sheet
stood at its line of maximum extent for only a short
time, and wastage was dominant over nourishment
continuously thereafter until the building of the Valley
Heads moraine. Exposures of till on water-laid drift
are rare.

Glaciofluvial deposits are relatively scarce within
15 to 20 miles north of the drift border. Kame de-
posits are present farther north, especially in areas that
drain northward or eastward. These deposits accumu-
lated in association with wasting glacial ice, presumable
stagnant, but the location and extent of such stagnant
ice is conjectural (Goldthwait, 1938; Antevs, 1939;
Lougee, 1940; Flint and Demorest, 1942; Rich, 1943;
Jahns, 1953). For example, the streams that built the
kames in the valley of Seeley Creek near Jobs Corners,
south of Elmira, probably flowed northward toward the
Chemung River valley along the edge of a body of ice
that was about 10 miles long. The east-west dimension
may have been only a few miles, especially if the ice edge
was wasting back northeastward. There is no evidence
with which to tie this local event to what was hap-
pening elsewhere in the area at the same time. The
large kames on the uplands west of Bath, N.Y., near the
border of the Binghamton drift of MacClintock and
Apfel (1944) between the Canisteo and Cohocton
Rivers (pls. 1, 3) can be ascribed to either active or to
stagnant ice.

Rather extensive kame deposits were emplaced during
deglaciation. However, lake deposits are scarce ex-
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cept for those in the Elmira region, which apparently
antedate the last glaciation, and those north of the
Valley Heads moraine; which are outside the region
considered here.

The problem of dating the colluvium reflects the
difficulty of appraising the rates of erosion and deposi-
tion during Recent time. In Virginia, for example,
far south of the drift border, Hack (oral communication)
has found colluvium almost identical with that found at
the base of steep slopes in the shale uplands near
Hughesville, Pa., along the Wisconsin drift border.
The colluvium in Virginia is essentially unweathered,
apparently accumulated where a stream undercut the
base of a shale hill, and seems unrelated to Pleistocene
events. However, in Potter County, Pa., west of the
region considered here, Denny (1956b) decribed per-
iglacial deposits that are essentially the same as the
colluvium of the present report. In this county the
surficial mantle is relativelv thick and continuous
within about 10 miles of the drift border. Bedrock
outcrops are scarce even along streams. However,
farther south of the drift border, bedrock outcrops are
more numerous and the surficial mantle seems to be
thinner. The extent and thickness of the periglacial
deposits in Potter County suggest that they are related
to the presence of an ice sheet at or near the border of
the Wisconsin drift and are not the result of processes
active during Recent time. By the same token, rather
numerous outcrops of pre-Wisconsin paleosol suggest
that a weathered mantle almost completely covered
the region as late as Sangamon time and has since
been largely removed by colluvial processes.

The colluvium in the Elmira-Williamsport region is
probably in large part of Wisconsin age. Much of the
colluvium is now being dissected, the underlying drift
is unweathered, and the colluvium is apparently more
extensive south of the Valley Heads moraine than north
of it. The colluvium is dominantly the result of mass
movement during deglaciation. The almost complete
absence of involutions, ice-wedge structures, or similar
features in stratified drift beneath or adjacent to the
colluvium indicates that permafrost was not present.
The only exception is a 5-foot layer of contorted beds of
gravel and sand occurring within a sequence of hor-
izontally bedded sand and gravel exposed in a borrow
pit on the north side of the Chemung River about 3%
miles east of Corning (pl. 1, loc. 17). These contortions
could have been caused either by overriding glacial ice
or slumping when an adjacent mass of ice melted,
rather than by permairost.

The bedrock clearly influences the distribution and
character of the colluvium. For example, bouldery
rubble (block fields), are restricted to areas of massive
sandstone or quartzite. Block fields are commonly
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attributed to a glacial environment of vigorous frost
action and sparse vegetation. Some block fields,
however, include strongly weathered, rounded and
irregular blocks (Smith, 1953) which rest on strongly
weathered mw-untle. Such block fields probably have a
long and ¢. _lex history.

The origin of the Valley Heads moraine is not
completely understood. The moraine and its associ-
ated valley train seem to be closelyrelated to the bedrock
topography. The prominent segments of the moraine
(pl. 1) lie near the south ends of straight, narrow valleys
near the presumed location of a buried bedrock divide,
and on the adjacent uplands the moraine commonly
lies against or at the base of northward-facing escarp-
ments. Probably the deep Finger Lakes valleys,
reaching below sea level and extending from the
Ontario plains southward into Pennsylvania, were at
one time occupied by tongues of actively moving ice
that extended many miles south of the places where the
ice sheet crossed the adjacent uplands. Relatively
rapid movement and rapid melting of the ice in the
Finger Lakes valleys might cause deposition of thick
drift in these valleys. In addition where the ice sheet
rode up over the escarpments on the uplands between
the lakes it may have deposited more drift than north
orsouth. Hence, under this hypothesis which we favor,
the Valley Heads moraine is a concentration of drift
but does not necessarily mark a long-occupied terminus
of the ice sheet. Lake sediments, north of the moraine
outside the region here considered, accumulated in
lakes dammed between the moraine and an ice sheet to
the north. Deep bedrock gorges on the sides of some of
the through valleys near the moraine were cut by
ice-marginal streams from the adjacent ice sheet. But
streams draining the lakes north of the moraine may
have cut some of the bedrock gorges as well as drift-
walled channels through the moraine. The valley
train, now dissected, that heads in the moraine and
extends southward for many miles could have been built
by overflow from the lakes north of the moraine, and
the sediments could have been derived by erosion in
stream channels. However, it is perhaps more likely
that melting ice in the moraine was the major source of
abundant debris-laden water that built the valley-train
deposits. If this is true, it is the best argument for the
hypothesis that the moraine does mark an ice terminus
that was maintained for some time.

The abundance of valley-train deposits derived from
the Valley Heads moraine as compared to their paucity
at the Wisconsin drift border may reflect differences in
the durability of the rocks of which the deposits were
composed. The pebbles in the Valley Heads moraine,
for example, include resistant quartzite, gneiss, and
chert, as well as dense limestone, whereas the rocks in
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the drift farther south are soft sandstone, siltstone, and
conglomerate that do not easily survive transport. In
addition, by no means all the glaciofluvial deposits in
the through valleys that drain from the Valley Heads
moraine were derived from it. Kame deposits, laid
down adjacent to glacial ice, are mapped in the Sus-
quehanna Valley in New York and along the Chemung
River (pl. 1). The valley-train terraces near Chemung,
N.Y., rise steeply upstream (pl. 4) and may have been
laid down when the edge of an ice sheet was nearby, an
interpretation essentially the same as Peltier’s for the
terraces near the New York State line (Peltier, 1949,
figs. 30, 31, and table 35).

We believe that the disappearance of the Wisconsin
ice sheet from the Elmira-Williamsport region may
have proceeded at a gradually increasing rate. At
first, wastage was relatively slow along a nearly straight
ice front; only small volumes of water-laid drift were
left behind, and mass movement and other weathering
processes were actively producing colluvium. As time
went on, more and more glaciofluvial deposits were
formed, possibly because of more rapid melting. By
the time most of the area south of the line of the Valley
Heads moraine was uncovered, the ice sheet had a
more sinuous margin, tongues of ice extended down
the larger valleys from which large streams of melt
water emerged, and the rate of formation of colluvium
showed a marked decrease.

POSSIBLE SUBDIVISIONS OF THE WISCONSIN STAGE

The Wisconsin drift border as mapped by us is
similar to the terminal moraine mapped by H.C. Lewis
and G. F. Wright (Lewis, 1884), who were the first to
systematically trace the limit of the glaciated area
across Pennsylvania. The only other detailed study of
the Wisconsin drift border is by Frank Leverett,
whose report published in 1934 includes a summary of
previous work. While Lewis and Wright were mapping
the terminal moraine, T. C. Chamberlin (1883) was
engaged in tracing another belt of moraine across the
Eastern United States, a belt that he called the ““ter-
minal moraine of the second glacial epoch.” R. S.
Tarr and co-workers studied this moraine in the vicinity
of the Finger Lakes about 50 years ago (Williams, Tarr,
and Kindle, 1909); and H. L. Fairchild in 1932 named
it the Valley Heads moraine.

During the first half of the present century the
glacial deposits of Wisconsin age in central United
States were divided into substages by various geologists,
and there was some agreement among them as to the
correlation of the deposits from place to place (Flint,
1947, p. 210-214). In Northeastern United States,
however, the deposits of Wisconsin age were not readily
divisible into stratigraphic units, and the few attempts at
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correlation with Central United States were of ques-
tionable value (Taylor, 1925; Goldthwait, 1922). The
moraines in the Erie basin and in the western part of the
Ontario basin were described by Frank Leverett (1902),
but his mapping did not extend east of the Genesee
River. In 1941, Paul MacClintock and E. T. Apfel
(1944) studied the drifts near Salamanca, Cattaraugus
County, N.Y., and on the basis of lithologic, strati-
graphic, and topographic evidence, they recognized
three drifts of Wisconsin age: Olean, Binghamton, and
Valley Heads, in order of decreasing age. These strati-
graphic subdivisions of the Wisconsin stage have been
recognized in Potter County and in other parts of
Pennsylvania,in New York, and in New Jersey (table 1).

We believe that all the drift in the Elmira-Williams-
port region south of the Valley Heads moraine is of
Olean subage. The Olean drift is early Wisconsin,
possibly a pre-Farmdale and post-Sangamon substage.
The Binghamton and Valley Heads drifts are thought
to be of post-Farmdale age; perhaps the Binghamton
drift border marks the maximum advance of the ice
sheet that built the Valley Heads moraine.

OLEAN SUBSTAGE OF MacCLINTOCK AND APFEL

The drift at the limit of the Wisconsin stage in the
area north and east of Salamanca, Cattaraugus County,
N.Y. (pl. 3), was designated Olean by MacClintock
and Apfel (1944). Their reasons for distinguishing
Olean drift from a younger Wisconsin drift west of
Salamanca, which they named Binghamton, are sum-
marized on page 22. The Olean drift, believed by
them to be the oldest drift of Wisconsin age in the
Salamanca area, was traced southeastward to Potter
County, Pa., and Denny (1956b) mapped it to the
west edge of the Elmira-Williamsport region. Peltier
(1949) correlated the oldest Wisconsin drift he rec-
ognized in the Susquehanna Valley with the Olean of

MacClintock and Apfel, and MacClintock (1954), rec-
ognized Olean drift overlain by younger drift in the
Delaware Valley.

Olean drift is composed chiefly of material derived
from the local bedrock; accordingly, its content of
calcareous material or crystalline rocks from Precam-
brian terrane is low. The drift is thin, and the land-
scape shows slight evidence of glaciation. The depth
of leaching ranges from 10 to 20 feet.

The Olean drift is older than any other Wisconsin
deposit in the region, but its correlation with other
areas is uncertain. It has been variously assigned an
early Wisconsin, lowan, or Tazewell age by various
authors, as shown in table 1. The depths to which
Olean drift has been leached are generally greater than
in the Wisconsin drift of the Middle West; yet Olean
drift lacks the strongly weathered aspect character-
istic of pre-Wisconsin drift in the Susquehanna Valley
previously described on page 5 (Denny, 1956b, p. 19).

The deposits exposed in a streambank at Otto,
Cattaraugus County, N.Y., in the Olean drift north of
Salamanca (fig. 11 and section of surficial deposits,
p- 22), contain a layer of peat that has a radiocarbon
age of more than 35,000 years (Suess, 1954, sample
W-87). The peat (fig. 11, unit 3) rests on till (1) and
on silt, sand, and gravel (2) that MacClintock and
Apfel (1944) believe were deeply weathered before
deposition of the peat. They assign the till and asso-
ciated sediments {1, 2) to Illinoian age, and the weath-
ering and deposition of peat (3) to Sangamon time. We
failed to find evidence of weathering of the upper part
of the till (1) beneath the peat, and we found a thin
layer of peaty silt in the Olean gravel (4) about 8 feet
above its base. We believe that the Illinoian till of
MacClintock and Apfel (1) is of Olean subage. The
peat (3) was formed in a bog in front of the Olean ice

TaBLE. 1—Correlation of drifts of Wisconsin age recognized by various workers in parts of New York and Pennsylvania

MacClim(:i)!;-,‘E1 )and Apfel Peltier (1949) Flint (1953) Mac((ljdﬁ)tmk Denny (1956a)| Denny (1956b) Denny and Lyford (this report)
Region near Salamanca, | Susquehanna Valley Northeastern Northeastern |Elmira, N.Y., | Potter County, Pa. | Elmira-Williamsport region, New
N.Y. United States United States region York and Pennsylvania
Valley Heads- Valley Heads Cary(?) Cary Later Absent Wisconsin; possibly a
ary Wisconsin post-Farmdale sub-
stage.
MacClintock’s and
Apfel’s Binghamton
Binghamton- Binghamton Cary(?) Cary Later Absent drift border may be
Cary Wisconsin the maximum ad-
vance of the ice that
built the Valley
Heads moraine.
Early Wisconsin(?); pos-
Olean-Tazewell Olean Iowan-Tazewell Tazewell Early Olean- sibly a pre-Farmdale-
complex(?) Wisconsin Towan(?) pt?st-Sangamon sub-
stage.
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FI16URE 11,—Exposure at Otto, Cattaraugus County, N.Y. (pl. 3, loc, 5). Strati-
graphic units are described on this page. MacClintock and Apfel interpret the
section as follows: Binghamton till (6) overlying Olean gravel (4) separated by clay
and silt (5) deposited in a lake in front of advancing Binghamton ice sheet. Gravel
(4) overlies peat (3) of Sangamon(?) age that rests on till (1) and on silt, sand, and
gravel (2) of Illinoian age. The peat (3) has a radiocarbon age of more than 35,000
years (Suess, 1954, sample W-87). Diagram modified from MacClintock and A pfel
(1944, fig. 3). Vertical exaggeration about 3 times.

sheet shortly after it had deposited the underlying till
(1). The bog was then buried by outwash from the
Olean ice sheet. If the drift below the peat is Olean
and if the radiocarbon age is correct, the Olean drift
may be a pre-Farmdale and post-Sangamon drift, per-
haps related to that which may be present at Sidney in
Shelby County, Ohio (Flint and Rubin, 1955; Forsyth
and LaRocque, 1956 ; Forsyth, 1957 ; Muller, 1957).

BINGHAMTON SUBSTAGE OF MacCLINTOCK AND APFEL

MacClintock and Apfel (1944, p. 1152-1153) based
their distinction between the Binghamton and Olean
drifts on a lithologic contrast west and east, respec-
tively, of Salamanca, N.Y. West of Salamanca, the
drift contains 12 to 20 percent pebbles of limestone and
many pebbles of igneous rock; east of Salamanca, the
drift contains only a few such pebbles. This change
indicates that the source of the two drifts was different.
The difference in age of the two drifts was suggested by
the exposure at Otto, north of Salamanca, where
typical Olean drift is overlain by typical Binghamton
drift (fig. 11).

MacClintock and Apfel suggested the following
interpretation: The Olean ice approached Salamanca
from the northeast and deposited drift containing many
sandstone pebbles and only a few pebbles of limestone or
igneous rock. After the Olean ice had largely dis-
appeared, the Binghamton ice sheet advanced into the
region from the north and northwest and deposited
drift that contained many fragments of limestone and
igneous rock in addition to sandstone pebbles. ‘‘This
notable withdrawal, rearrangement, and readvance of
ice lobes is sufficient evidence to constitute an important
demacation within the Wisconsin” (MacClintock and
Apfel, 1944, p. 1162). The Binghamton drift border
was mapped by MacClintock and Apfel (1944, pl. 1)
from Salamanca to the Genesee River valley and was
traced by them in reconnaissance eastward to Bing-
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hamton, N.Y. Thus, these authors, recognized three
Wisconsin drifts in the Elmira-Williamsport region.

Section of surficial deposits exposed at Otto, Cattaraugus County,
N.Y. Ezposure in east bank of South Branch Caitaraugus
Creek, Cattaraugus 16-minute quadrangle, about 0.2 mile south
of Otto (pl. 3, loc. 5). Stratigraphic relations shown in figure 11.

1]

Thickness
(feet)

[After MacClintock and Apfel, 1944]

6. Till, gray, calcareous; includes several beds of gravel;
contains many pebbles of limestone and of igneous

oK. o el 50-60
5. Clay, red, laminated; contains calcareous gray silt____.  5-8
4. Gravel, medium- to coarse-grained, horizontal stratifi-

cation; contains lens of peaty silt and very few peb-

bles of limestone or igneous rock_________________ 8-25
3. Peat and peaty silt, brown, dense, compact__________ 3-4
2. Silt, sand, and gravel, in part calcareous, in part

noncalcareous; contains boulders of igneous rock,

but no fragments of limestone_ __________________ 12-16
1. Till, blue-gray, noncalcareous; includes many frag-

ments of igneous rock; base not exposed__________ 4

We believe that only two Wisconsin drifts are present
in the Elmira-Williamsport region—that the Bingham-
ton drift is absent. Our interpretation, given on plate 3,
places the drift that is south of the Valley Heads moraine
in the Olean substage. The Binghamton drift border
mapped by MacClintock and Apfel (1944) appears to
us to be a gradational change. If Binghamton drift is
present in the region, it lies buried beneath or incor-
porated in the Valley Heads drift.

The southward change in drift lithology is illustrated
by data from kames containing many erratics of lime-
stone and igneous rock that occur near Jobs Corner,
Tioga County, Pa., and to the north along Seeley
Creek. To the west, in the Tioga River valley, kames
with abundant erratics are also found as far south as
Tioga Junction (fig. 7). In both valleys most of these
kames were called Binghamton drift by MacClintock
and Apfel (1944). The gradual change is illustrated
by the graphs of figure 12, where the content of erratic
pebbles in these kames is plotted against the distance
southwest from the Chemung Valley. In addition, all
the till on the uplands south of the Chemung River is
composed chiefly of locally derived material deficient
in erratics. Even farther north, between the Chemung
River and the Valley Heads moraine, most of the drift
on the uplands is thin and erratics are scarce, a fact
noted by Tarr 50 years ago (Williams, Tarr, and
Kindle, 1909). Such drift is indistinguishable from
Olean drift farther south. Large areas east of Cayuta
Creek, Tioga County, N.Y., are also mantled by drift
essentially free of erratic pebbles.

Using depth of leaching as a criterion of age, Mac-
Clintock (1954) recognized a southern area where gravel
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FIGURE 12,—Graphs showing change in content of erratic pebbles in kame deposits
southward from the Chemung Valley. Graph A runs southwest from near Corning,
N.Y. (fig. 7, loc. 13), and graph B from near Elmira, N.Y. (fig. 7, loc. 29). Num-
bers refer to localities shown on figure 7.

is leached 11 to 13 feet (Olean substage) and a middle
area where gravel is leached 5 to 8 feet (Binghamton and
Valley Heads substages). We do not believe that the
distinction of MacClintock can be made in this region.
Instead we find that the depth of leaching in the
glaciofluvial deposits ranges from about 2 to more than
20 feet. Although there is a gradual increase in depth
of leaching from north to south (fig. 7), the increase is
not uniform nor can a line marking an abrupt change be
drawn. Rather there seems to be a slight increase in
the average depth of leaching with a decrease in the
content of pebbles of limestone and dolomite (fig. 8).
Figure 13 illustrates the changes that take place along a
traverse southward from the Valley Heads moraine
near Elmira. The traverse includes gravels of the
three substages, Valley Heads, Binghamton, and Olean,
recognized by MacClintock and Apfel in 1944. The
average depth of leaching of the Binghamton is no
different than the Olean, although the amount of
limestone varies considerably. The division of these
kame deposits into substages on the basis of depth to
free carbonates vields results that are inconsistent with
a division based on lithology, such as was used by
MacClintock and Apfel, and requires a geographic
distribution of the drift that is unlikely. Other
similar examples could be cited. Depth of leaching is
not a valid basis for assigning more than one age to
these gravels.

The differences in the soils throughout the entire
region, excluding those on strongly weathered parent

nmaterials of pre-Wisconsin age, are slight and are due
to differences in lithology and in drainage, rather than to
age of parent material. Most of the soils seem to be in
equilibriumn with the present environment and do not
contain features inherited from the Pleistocene.

A greater contrast in topographic expression of the
drift exists north and south of the Valley Heads moraine
than is found on either side of the Binghamton drift
border mapped by MacClintock and Apfel (1944, fig. 1).
South of the moraine, topographic expression of
glaciation is unobtrusive and morainal topography is
scarce, while to the north they are obvious. Thus, the
topography on either side of the Binghamton drift
border, which lies south of the moraine, is about the
same, except for a few large kames at or near the
border. Topography is not a means of subdividing the
drift south of the Valley Heads moraine in this region

In Potter and Tioga Counties, Pa. which are both
within and outside the glaciated area, a character-
istic landform consists of hills with long, smooth slopes
that meet narrow flood plains (Denny, 1951). Such a
smooth landscape is not so well developed in the region
east of the Susquehanna River, wherc there are also
numerous small lakes, chiefly on the uplands. Because
of this contrast, it was once thought that perhaps the
Olean drift of MacClintock and Apfel might be divisible
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F16URE 13.—Graph showing change in depth of leaching and in content of calcareous
pebbles in glaciofluvial deposits along a traverse southward from the Valley Heads
moraine north of Elmira. Numbers refer to samples of glaciofluvial deposits shown
in flgure 7.
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into an eastern Olean drift and a somewhat older
western Olean drift, but fieldwork has failed to dem-
onstrate this supposition. Many of the small lakes
appear to be in rock basins and do not have conspicuous
drift dams (MacClintock, oral communication). The
topographic differences between Tioga County, Pa.,
and the area to the east may be the result of differences
in bedrock.

In the Susquehanna Valley in New York west of
Binghamton, MacClintock and Apfel (1944) placed the
Binghamton drift border along the south side of the
valley, nearly parallel to the trend of the striae in that
part of the region (pl. 3). Because a drift border gener-
ally crosses rather than parallels striae, we believe that
the last ice to move across this part of the region was
the Olean, whose drift border crosses northeastern
Pennsylvania in a southeasterly direction.

Binghamton drift is not present in the Elmira-
Williamsport region. We suggest that the Binghamton
drift recognized in the Salamanca area was laid down by
the same ice sheet that built the Valley Heads moraine.
East of the region, the moraine turns northward around
the southeast edge of the Finger Lakes area (pl. 3) and
passes north of Cortland and thence eastward to at
least a few miles south of Utica. Between Cortland and
Oneonta, N.Y ., at the west edge of the Catskill Moun-
tains, there is a large area of drift, identified as Bing-
hamton by MacClintock and Apfel (1944), where there
are many large kames, some with a considerable amount
of limestone and dolomite pebbles. We have not
attempted to draw any boundary between this drift and
the Olean drift of the Elmira-Williamsport region.
Subsequent work by Moss and Ritter (1962) in the
region between the Finger Lakes and the Catskill
Mountains demonstrate that there is no compelling
evidence in that region for a separate Binghamton drift.

Till and kame deposits in the Susquehanna and
Chemung Valleys lithologically resemble the Bing-
hamton of MacClintock and Apfel and demand an
explanation. The following hypothesis has been offered
by Denny (1956a). Valley-train deposits (pls. 1, 3) in
the present through valleys contain abundant erratics
that were carried more than 100 miles from their
source; therefore, similar deposits may have been
present in front of the Olean ice sheet as it advanced.
The Olean ice sheet moved westward down the Sus-
quehanna River Valley and across the adjacent up-
lands, picking up material from the earlier valley train
that contained many erratics of limestone, dolomite,
and metamorphic rock. Thus, the till and kame
gravel in the westward-trending Susquehanna River
valley contain many erratics because there the ice
moved parallel to the earlier valley train. Elsewhere,
the westward-moving ice crossed northward-trending

valleys that are deeply incised below the uplands, and
the ice was not able to pick up and carry forward many
pebbles from the earlier valley fill. Therefore, the
drift on the uplands adjacent to the southward-trending
through valleys north of the Susquehanna River in
New York does not contain as many as erratics as the drift
on the uplands adjacent to the westward-flowing river.

VALLEY HEADS SUBSTAGE OF FAIRCHILD

The Valley Heads moraine (Fairchild, 1932) is a
relatively distinet topographic feature composed of
material whose lithology is slightly different from that
of the drift south of the moraine. The base is nowhere
exposed, and the origin and significance of the moraine
are not clear. Tarr (Williams, Tarr, and Kindle, 1909)
and Von Engeln (1921, 1929) believed that the moraine
was built by a minor readvance of the ice sheet during its
retreat from the Wisconsin drift border. The fact that
it occurs near the south end of the Finger Lakes valleys,
near the Ontario-Susquehanna bedrock divide, and
adjacent to northward-facing escarpments on the
neighboring uplands suggests that its location is at
least partly controlled by the bedrock topography.

Most geologists who have studied the moraine have
concluded that jt marks a significant retreat and
readvance of the Wisconsin ice sheet (MacClintock and
Apfel, 1944; Peltier, 1949; Holmes, 1952; Flint, 1953;
MacClintock, 1954; Denny, 1956a), but the field
relations are not compelling. The abundance of col-
luvium and scarcity of glaciofuvial deposits south of the
moraine and the reverse situation north of it indicate a
change in the conditions of erosion and deposition
between Olean time and Valley Heads time. The
Valley Heads drift is probably younger than the Farm-
dale substage (table 1), but its precise position in the
Wisconsin section is as yet unknown.

SOILS

In this study, particular emphasis was given to the
relation between surficial geology and soil formation.
Although detailed descriptions of many soil series were
made, only a few, illustrating some particular geology-
soil relation, are presented in the following pages.
Most of the discussion is in terms of great soil groups
rather than series.

The soil map (pl. 5) shows the soil series grouped into
associations which include one or more great soil
groups. The great soil groups, defined in the glossary,
conform to the classification used in the 1938 Yearbook
of Agriculture (U.S. Dept. Agriculture, 1938), and am-
plified by Thorp and Smith (1949) and Baur and Liyford
(1957). Some of the soils in the Elmira-Williamsport
region, called intergrades, have properties intermediate
between two great soil groups and are given a dual name,
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the first being that of the great soil group which they
most nearly resemble. The soils that are most common
in the area south of the Wisconsin drift border are
described first, followed by the description of those
found chiefly north of it.

Soils of the most extensive great soil group, Sol Brun
Acide, occur principally on unweathered or weakly
weathered parent material of all ages, including Recent
alluvium. The parent material is generally acid or has
a low carbonate content. Red-Yellow Podzolic soils
are found only south of the Wisconsin drift border and
are developed on deposits that contain a considerable
proportion of strongly weathered material. Sols Bruns
Acides are associated with them. Podzols are most
common in the Appalachian Plateaus province on
coarse-grained sandy deposits containing abundant
quartz. Gray-Brown Podzolic soils occur chiefly on
highly calcareous parent materials that are part of, or
adjacent to, the Valley Heads moraine, but they also
intergrade to Red-Yellow Podzolic soils south of the
Wisconsin drift border, where the parent material con-
sists of colluvial mixtures of weakly and strongly
weathered materials. Low Humic-Gley and Humic-
Gley soils develop where the water table is relatively
near the surface throughout a large part of the year, as
on long, smooth slopes. Organic soils occur in only a
few areas and are of small extent.

In this region, most Sols Bruns Acides, Podzols, and
Low Humic-Gley soils on silty deposits have B horizons
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that are conspicuously brittle and firm; such a horizon
is called a fragipan (Carlisle, Knox, and Grossman,
1957). This feature is especially marked in the peri-
odically water-saturated and mottled parts of moder-
ately well, somewhat poorly, and poorly drained soils.
Table 2 is a key to most of the soil series found in the
Elmira-Williamsport region. This key is based prin-
cipally on three characteristics: soil parent material,
great soil group, and natural drainage class. The
fluctuation, duration, and height of the water table
have a marked effect on soil development. Water-
table variations cause conspicuous local differences in
soils and account for the rather intricate soil patterns
shown on some detailed soil maps (Cline, 1953).

RED-YELLOW PODZOLIC SOILS

Strongly weathered drift, colluvium, or residuum of
pre-Wisconsin age, whether well, moderately well, or
somewhat poorly drained, are the parent materials of the
Red-Yellow Podzolic soils of the Allenwood association
(pl. 5). The principal soils of this association—the
Allenwood series—are developed on pre-Wisconsin
drift. The soils on pre-Wisconsin residuum or collu-
vium are like the Allenwood series in many respects,
but they are coarser textured throughout and are more
friable in the lower part. Gray-Brown Podzolic soils
intergrading to Red-Yellow Podzolic soils occur on
mixtures of strongly weathered (pre-Wisconsin) and
weakly weathered (Wisconsin or Recent) materials.

TABLE 2.—Key to soil series of Elmira-Williamsport region, New York and Pennsylvania

[Includes only those mentioned in text, and some related series]

Natural-drainage class
Great soil group
(excessive to somewhat
Parent material poor natural-drainage Poor Very poor
classes) Good or excessive Moderately good | Somewhat poor | (Low Humic- (Humic-Gley
Gley or Humic- soils)
Gley soils)
Alluvium of Recent age
Flood plains underlain by me-
dium to moderately coarse
textured deposits derived
chiefly from fine-grained
sandstone or siltstone:
Grayish deposits:
Acid throughout________ Alluvial 1_________ Tioga_ . _______ Middlebury_ . Holly__.___ Papakating.
Acid over nearly neutral | ____ do__________ Chagrin____.___ Lobdell .. ____ Wayland ._ .| Sloan.
substratum.
Reddish deposits:
Acid throughout . _______{_____ do___________ Basher_________ Barbour.__.._. Holly. _.__| Papakating.
Gravelly or channery deposits
forming low terraces or al-
luvial fans:
Grayish deposits, acid to | Sol Brun Acide..__[ Chenango____.. Braceville_ ___| Redhook___ Atherton.
depths of 5 or 10 feet,
alkaline or weakly cal-
careous below.
Reddish  deposits, acid |- ____ do._______..__ Tunkhannoek...} ... do._..- Do.
throughout.
Podzol . __________ Portage .. _____

See footnote at end of table,
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TaBLE 2.—Key to soil series of Elmira-Williamsport region, New York and Pennsylvania—Continued

Natural-drainage class
Great soil group
(excessive to somewhat
Parent material poor natural-drainage Poor Very poor
classes) Good or excessive Moderately good Somewhat poor | (Low Humic- (Humic-Gley
Gley or Humic- soils)
ley soils)
Glaciofluvial deposits of Wisconsin age
Grayish deposits:
Acid solum, alkaline or cal-
careous at depths of about
5 to 10 feet:
Gravelly throughout_____ Sol Brun Acide____| Chenango______ Braceville_ _ _ _| Redhook . . _ Atherton.
Silt over gravel or other |_____ do__.________ Unadilla________ Seio. oo do_____ Do.
coarse-textured material.
Acid solum, gravelly through- | Gray-Brown Howard._______ Phelps_ . _____
out, calcareous at depths Podzolic.
of 3 to 5 feet (tongues of
leached material extend
down into calcareous ma-
terial below).
Nearly neutral or alkaline {.____ do._________ Palmyra_._______|[.____ do_______
solum, gravelly throughout,
calcareous at depths of 2
to 3 feet.
Reddish deposits, generally acid
to depths of more than 5 feet:
Gravelly throughout_._____ Sol Brun Acide....| Tunkhannock.__| | _____ do._.._ Do.
Silt over gravel or other |._.___ do. ... Vrooman_______
coarse-textured material.
Prominent segments of Valley Heads moraine of Fairchild
[Only the dominant soils are keyed]
Glaciofluvial deposits, grayish,
gravelly throughout:
Acid solum, calcareous at | Gray-Brown Howard________ Phelps. ... __ Homer.____ _Westland.
depths of 3 to 5 feet (tongues Podzolic.
of leached material extend
down into calcareous ma-
terial below).
Nearly neutral or alkaline [-____do__________._ Palmyra__ |- do_______|----- do_.__.} |- Do.
solum, calcareous at depths
of 2 to 5 feet.
Lacustrine deposits:
Very fine sand and silt,
grayish: . .
Acid throughout. _________ Sol Brun Acide____| Amboy____.__-- Williamson . __| Wallington__ Birdsall.
Acid solum, calcareous at | Gray-Brown Dunkirk________ Collamer. ____ Canandai- Colwood.
depths of 3 to 5 feet. Podzolic. gua.
Silt and clay:
Grayish: .
Strongly calcareous at |.._.__do___._.____._ Lucas_ .- ————.___| Fulton_____ Madalin____| Toledo.
depths of 2 to 3 feet. . .
Moderately calcareousat |- . __do__________._ Caneadea_____ Canadice___| Lorain.
depths of 2 to 3 feet.
Reddish, strongly caleare- |---__do.__________ Schoharie_______ Odessa_______ Lakemont_ .| Poygan.
ous at depths of 2 to 3
feet.
Till and lacustrine deposits,
interstratified:
Silt loam to silty clay, grayish, |---__do_..._______ Nunda_____.______ Burdett____| Romulus. . .| Fonda.
strongly acid near surface, | Sol Brun Acide____ Canaseraga__._ ... Dalton_____
calcareous at depths of 2
to 3 feet.
Till and colluvium or both:
Strongly acid near surface, | Gray-Brown Lansing_ . __.__ Conesus-_ .- - Kendaia___. Lyons.
grayish, medium textured, Podzolic. .
moderately calcareous at
depths of 3 or 4 feet.
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TABLE 2.—Key to soil series of Elmira-Williamsport region, New York and Pennsylvania—Continued

Natural-drainage class
Great soil group
(excessive to somewhat
Parent material poor natural-drainage Poor Very poor
classes) Good or excessive Moderately good Somewhat poor | (Low Humic- (Humie-Gley
Gleg or Humic- soils)
ley soils)

Till and colluvium of Wisconsin Age; north of Wisconsin drift border

[Excludes soils listed previously under prominent segments of Valley Heads moraine)

Chiefly from fine-grained sand-
stone and siltstone; medium
to moderately fine texture,
gravelly orchannery:

No or slight textural
change in deposits with
depth; with brittle
very firm (fragipan)
horizons:

Grayish  deposits, | Sol Brun Acide____| Bath___________ Mardin_ _____ Volusia.____ Cuyler.____ Chippewa.
strongly acid to
depths of 3 or 4
feet, neutral or
slightly aecid to
depths of 6 to 10
feet, calcareous
below.

Grayish deposits, |---__ do___________ Valois__________ Langford.____ Erie__ _____ Ellery__...__| Alden.
strongly acid to
depths of 2 or 3
feet, neutral or
slightly acid to
depths of 5 or 6
feet, calcareous
below.

Reddish deposits,
strongly acid to
depths of several
feet:

Reddish sola.___|.____ do_-eo . Lackawanna____| Wellsboro____| Morris_____ Norwich.
Yellowish-  [_____ do.__________ Cattaraugus.__.| Culvers______|.____ do.___._ Do.
brown sola.

With depth, increasingly
channery, flaggy or
stony, friable or firm,
acid throughout, bed-
rock commonly at
shallow depth:

Grayish deposits_ . _[-____ do_.________. Lordstown______ Arnot________ Tuller______

Reddish deposits._-_[..___ do___________ Oquaga_.__.____

With depth, changes into
gravelly, loose, strati-
fied or nonstratified
deposits  (underlying
material may be glaci-
ofluvial deposits):

Grayish deposits_ - __|_____ do________.___ Chenango._ .. ___

Reddish deposits.__ |- ___ do.____.__.__. Tunkhannock___

Chiefly from coarse-grained
sandstone or conglomerate:

Coarse texture, channery,
flaggy, or stony, bedrock
commonly at shallow

depth:
Yellowish-brown deposits_|. . - -_ do___._______ Dekalb._____.___
Reddish deposits._______ Podzol .. ________ Dilldown____.___
Very coarse texture,

channery, flaggy or stony,
bedrock commonly at
shallow depth:
Grayish or yellowish |.____ do_ .. __ Leetonia_ ___._-
deposits.
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TABLE 2.—Key to soil sertes of Elmira-Williamsport region, New York and Pennsylvania—Continued

Natural-drainage class
; Greiat sail grouph ¢
Parent material GXcessive r §omew & Poor Very poor
poor uaé;;;sz;legr winage Good or excessive Moderately good | Somewhat poor a;g‘%g;‘fggg{?y (HlfnYiéEGley
soils) v soils)
Drift, colluvium, and residuum of pre- Wisconsin age; south of Wisconsin drift border
Drift, colluvium, or alluvium of
pre-Wisconsin age, unmixed
or only slightly mixed with
younger material:
Yellowish-red deposits, | Red-Yellow Pod- Allenwood.______ Watson_ _____ Alvira______ Shelmadine_| Chippewa.
moderately fine texture, zolie.
with brittle very firm |.____ do . ___._____ (Dewart) 2______ (Warrior) 2___
(fragipan) horizons.
Drift, colluvium or alluvium
mixed with younger material
(chiefly colluvium):
Medium to moderately fine
texture, acid through-
out:
Yellowish or grayish de- | Gray-Brown Pod- | Hartleton______
posits, friable to firm. zolic.
Reddish deposits (color | Sol Brun Acide_.__| Germania______
chiefly inherited from | Gray-Brown Pod- | Weatherly______ Drums._______
red bedrock), friable to zolic.
firm.
Residuum or colluvium:
Relatively unmodified by
mixing with younger de-
posits:
Moderately coarse  or
coarse:
Yellowish-red deposits, | Red-Yellow Pod- | Undetermined 3__
friable or firm through- zolic.
out.
Yellowish-brown or | Sol Brun Acide__._| Dekalb4_______
brown deposits, friable | Gray-Brown Pod- | Clymer.________
or firm throughout. zolic.
Reddish deposits, friable | Podzol . _____._____ Dilldown ¢______
or firm throughout. Sol Brun Acide__..| Lehew_________
Yellowish-brown or | Gray-Brown Pod- |.______________. Cookport. .- |ocooeooooo. Nolo.__.___
brown deposits, with zolie.
very firm brittle hori-
zZons.
Very coarse textured, chan-
nery, flaggy or stony,
bedrock commonly at
shallow depth:
Grayish or yellowish | Podzol_ ____._____ Leetonia 4_ . ____
deposits, friable
throughout.
With 2 to 3 feet over- [_____ do _________ Sweden.________
burden of sandy col-
luvium of Wisconsin
age.
Residuum or colluvium of Wisconsin or younger age; south of Wisconsin drift border
Yellowish-brown channery de- | Sol Brun Acide__._| Weikert__._____
posits, friable throughout.
Reddish channery deposits, fri- |- __.__ do.__________ Klinesville. _____
able throughout.
1 These soils generally show some development and perhaps should be classed as 3 These soils were not studied in detail. They bear some resemblance to the Allen-
Sols Bruns Acides. wood series. .
2 The Dewart and Warrior soils mapped in Union, Montour, and Northumberland ¢ These soils also occur on till or colluvium of Wisconsin age north of the Wisconsin

Counties, Pa., seem to beidentical with the Allenwood and Watson solls. drift border.
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A soil survey of Lycoming County, Pa. (Stevens and Allenwood stony silt loam
others, 1928), completed in 1923, classified all freely Horizon (‘.17’3:2) Profile description
drained soils on pre-Wisconsin drift as members of the , 0-13% Forest floor, consisting of leaves and

Liycoming series, whereas the surveys of adjacent Union
County (Bacon and others, 1946) and Montour and
Northumberland Counties (Taylor and others, 1955),
made in the late 1930’s, established several new soil
series that were thought to be related to the Illinoian
and pre-Illinoian drifts described by Leverett (1934).
The pre-Iilinoian till, for example, was presumed to be
the parent material of the Allenwood soil and the
Illinoian till of essentially the same lithology that of the
Dewart soil. Subsequent work has shown no con-
sistent difference between these Red-Yellow Podzolic
soils: the depth and degree of solum developed are the
same, and the parent materials are strogly weathered to
depths of as much as 30 feet, judging by the decay of
coarse fragments. This similarity between soils de-
veloped on all drift of pre-Wisconsin age in the region is,
of course, not independent evidence for the presence of
only one pre-Wisconsin drift, because soil development
depends on many factors besides the geologic age of its
parent material.

Two profiles of Allenwood soil developed on till are
described and discussed on the following pages; one
profile is from a forested area on the uplands near
Hughesville, Pa., the other is from a deep road bank
along Route 15 at Penny Hill, near Montgomery, Pa,

ALLENWOOD SOIL ON UPLANDS NEAR HUGHESVILLE,

LYCOMING COUNTY, PA.

Allenwood stony silt loam, a Red-Yellow Podzolic
soil developed on pre-Wisconsin till, is typically yel-
lowish red to dark red and occurs in small areas on the
uplands east of Hughesville between Muncy and Little
Muncy Creeks (pl. 1, loc. 33), just south of the Wis-
consin drift border. In the particular area studied, the
top of a broad ridge, the soil covers about one-half acre
within an oak forest consisting predominantly of chest-
nut oak. The till, a dark-red gravelly loam, contains
subrounded striated rock fragments, mostly siltstone
weathered throughout and mottled red, yellowish red,
brown, or gray brown (10R 4/6, 6YR 5/6, 7.5YR 5/6,
and 2.5Y 5/2). Many of the fragments can be broken
by hand. The pebbles of red sandstone (9-12 percent)
and of conglomerate and very coarse grained sandstone
(5-13 percent) in the till may be erratics derived from
the Catskill and Pocono formations to the north (pl. 2).

In the soil-profile description which follows, a
prime (') used with a horizon letter designates a
micropodzol horizon (for example, A%,).

678849 0—63——3

needles in various stages of decay. A,
Ay, Agz, and Ag; horizons can be distin-
guished. Casts and tunnel excavations
of arthropod fauna occur as discontinu-
ous A, horizons.

0-1 These are the very thin horizons of a

micropodzol. The A’; horizon is gray
(10YR 6/1, moist) gravelly silt loam or
loam about !4 inch thick consisting of
a mass of intertwined grayish fibrous
fungal hyphae mixed with yellowish-
brown and gray sandy material. The
B’y horizon is dark yellowish-brown
(10YR 4/4, moist) channery silt loam;
weak, very fine, granular structure;
matted with fungal hyphae.

Reddish-brown (2.5Y R 4/4, moist) grav-

elly silt loam; very weak, granular
structure; friable; horizontal roots num-
erous; many fine pores; matted with
fungal hyphae.

Dark-yellowish-brown (10YR 5/4, moist)

gravelly silt loam; otherwise like the A,
horizon.

Strong-brown (7.5Y R 5/6, moist) gravelly

silt loam, weak, coarse, subangular
blocky structure; very firm when dry;
roots common, few fine pores.

Yellowish-red (5Y R 5/6, moist) silt loam;

otherwise like the B, horizon.

Yellowish-red (5Y R 4/8, moist) loam or

clay loam; strong, medium, subangular
blocky structure; very firm; few dis-
continuous clay skins, exterior of peds
duller colored than interior; abrupt
boundary.

Intermediate between yellowish-red (5Y R

4/8) and dark-red (2.5YR 3/6, moist)
clay loam; otherwise like B, horizon.
Material cut with a knife exhibits a
few soft clayey strongly weathered
fragments from sand size up to %4
inch in diameter.

Yellowish-red (5Y R 4/6, moist) and dark-

red (2.5YR 3/6) gravelly clay loam;
strong, very coarse, blocky and pris-
matic structure; extremely firm; roots
common between peds; many fine
pores; interior of peds is dark red,
exterior is yellowish red; very coarse
blocks are made up of moderate or
weak, medium, angular blocks; dis-
continuous clay skins on ped surfaces;
pores are glazed with clay, many soft
clayey %- to ¥4-inch pale-yellow frag-
ments inside of peds; coarse skeleton
about 10-20 percent by volume; gradual
boundary.
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Allenwood stony silt loam—Continued

Depth Profile description
(inches)

36-46 Dark-red (2.5YR 3/6, moist) gravelly
loam; massive; extremely firm and
dense; a few very fine pores lined with
clay; black, finely pitted manganese
dioxide(?) skins are conspicuous,
particularly bordering pebbles and
stones; soft, dark yellowish-brown
(10YR 4/4), strongly weathered fine
channers and pebbles are also conspicu-
ous when the material is cut or broken,
much less so when crushed; subrounded,

. hard pebbles larger than !4 inch diam-
eter make up 20 percent of the soil
volume.

46-60 Same as Bj; horizon except for greater
depth.

60-70 Dark-red (2.5YR 3/6, moist) gravelly
loam; very firm; clay skins rare and
discontinuous; black streaks of manga-
nese dioxide(?) are common, also some
yellowish streaks; coarse skeleton 50-60
percent of volume consisting of angular,
blocky fragments 3—4 inches in diameter;
few, soft, weatbered, clayey fragments.

70-88 Same as C; horizon except that texture is
gravelly sandy loam.

Horizon

This profile has several characteristics, such as color,
texture, low base saturation, and strong weathering,
which in combination are characteristic of Red-Yellow
Podzolic soils. The B and C horizons are yellowish
red and dark red with relatively high chromas of 6
or 8 and thus are somewhat more intensely colored
than usual Gray-Brown Podzolic soils. The B, hori-
zons are noticeably finer textured than the A, or C
horizons, indicating accumulation of silicate clay, and
base saturation is very low in all horizons (table 3).
Strong weathering of the soil parent material is indi-
cated by the high chromas, the reddish hues, the friable
condition of most rock fragments, the relatively high
content of kaolinite, and the presence of gibbsite in the
clay fraction (table 4).

The thin micropodzol horizons are unrelated to the
development of a Red-Yellow Podzolic soil. They
occur on many soils in the Northeast, where they de-
velop within 50 to 100 years under certain kinds of
forest floors. Their development seems to be related
to a lack of disturbance of the surficial inch or two of
mineral soil.

The dark-red color of the lower B and C horizons,
the occurrence on a gentle slope, and the strongly
weathered coarse skeleton indicate that this particular
remnant of pre-Wisconsin drift has not been modified
by colluvial deposition in Wisconsin or younger time.
A coarse-grained channery and flaggy colluvium mantles
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the adjacent slopes, but it does not extend down to this
area. Although the abundant silt in the upper 16
inches of the profile might be aeolian or colluvial, it
more likely was derived from weathering of siltstone
fragments, which is most intense at or near the surface
of the soil.

Because only remnants remain of the pre-Wisconsin
drift that once covered the surrounding area, much
material has probably been removed and, at the study
area, an older (Sangamon stage?) weathering profile
has been truncated. The presence of 22 percent kao-
linite and 1 percent gibbsite in the clay fraction of the
C, horizon (table 4) indicates that this horizon is in an
older strongly weathered deposit. The Allenwood
soil profile has been disturbed in some places by tree
throw during recent years, but probably not below a
depth of about 22 inches, because soft strongly wea-
thered fragments of rock in the B and C horizons would
have been destroyed by such mechanical disturbance.
The Red-Yellow Podzolic soil itself gives no evidence as
to the original thickness of the old drift.

On the ground surface are a few boulders of coarse-
grained sandstone or conglomerate 1 to 2 feet in dia-
meter and spaced about 50 feet apart that may be
remnants of a once thicker cover of drift. These wea-
thered boulders have a nearly white (8/0 or 9/0) rind
as much as one-half an inch thick underlain by a red
(2.5YR 5/8) layer. The weathered exteriors may have
developed when the boulders were encased in the drift,
perhaps in the solum of an ancient soil. The Allen-
wood soil developed after the boulders were concentra-
ted on the surface. Present-day soil development is
not the cause of the yellowish-red color of the till;
the weathering of the parent material is older than the
present soil.

ALLENWOOD SOIL ON PENNY HILL, LYCOMING
COUNTY, PA.

Gray moderately calcareous pre-Wisconsin till—
strongly weathered to a depth of about 30 feet— is
found on top of Penny Hill, near Montgomery, Lyco-
ming County, Pas (pl. 1, loc. 35). On the crest of a
broad eastward-trending ridge underlain by sandstone
and siltstone, drift is exposed on part of the west side
of a deep highway cut (along U.S. Highway 15) that
runs northward through the ridge. The east bank of
this cut and the northern part of the west bank are
bedrock. The drift apparently fills a narrow gorge cut
across the top of the bedrock ridge; the trend of this
gorge is at a slight angle to the highway. Most of the
weathered zone consists of strongly weathered reddish
loam containing about 5 to 10 percent by volume of
pebbles that are weathered siltstone, sandstone, and
shale. Peltier (1949, fig. 8) showed that the weathered
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TaBLE 3.—Partial chemical analysis and particle-size distribution of Allenwood stony silt loam near Hughesville, Lycoming County, Pa.
[Analyses by U.S. Department of Agriculture. Soil Survey Laboratory, Beltsville, Md.}

Particle-size distribution (percent by weight)
Material <2 mm in diameter ‘Whole
soil
Depth (inches) Horizon Textural class
Sand silt Other classes
1
(0.05~ (Clay Gravel
Very | Coarse |Medium| Fine |Veryfinel 0.002 | <0.002 (0.02- >2
coarse (1-0.5 |(0.6-0.25| (0.25~ (0.10- mm) mm) |(0.2-0.02| 0.002 mm)
(2-1 mm) mm) 0.10 0.05 mm mm)
mm) mm) mm)
7/ D\ Y SR [N [NNPRO) IR DRSO SUNPUPUNNS SRR (NP IR I
Y-l B, 23| 39| 3.8| 87| 88585 )|14.0/33.9|387 53 | Gravelly silt loam.
1-3 . A, 1.6 3.2 3.6 80 83 |61.6|13.7| 35.4 | 39.2 30 Do.
34 . A; 2.6 3.0 3.4 7.3 7.8159.6|16.3 | 33.4 38. 5 35 Do.
4-6_______________ By 3.6 3.4 3.4 6.8 7.7 1571180 31.8 | 37.1 21 Do.
6-10________._____ B 3.4 3.7 3.5 6.8 7.2 153.6|21.8]29.6 | 352 16 | Silt loam.
10-16_ . _______._ By 3.6 3.7 4.0 7.6 7.6 | 47.4 ] 26.1 | 28.9 | 30.3 12 | Loam.!
16-22_____________ By, 2.7 3.8 3.7 7.2 7.2 1381373241 25.6 20 | Clay loam.
22-36_____________ 23 3.2 48| 47| 91| 88|37.7(31.7|28.4]23.5 34 | Gravelly clay loam.
36-46_____________ 31 6.7 7.1 6.0 11.4}10.0 | 37.2}21.6|30.4| 23.3 28 | Gravelly loam.
46-60.____________ 32 6.3 6. 8 55| 10.6 9.5(139.8121.5|32.1]| 23. 4 28 Do.
60-70_____________ 1 7.2 8.3 7.0 13.412.0| 36.4 | 15.7 | 35.8 | 20.7 57 Do.
70-88_ o .. 2 9.4 1104 82| 155|129 (321 |11.5|37.4| 16.9 47 | Gravelly sandy loam.
Extractable cations Free
(milliequivalents per 100 g of soil <2 mm) Cation Base Organic iron
Depth (inches) Horizon exchange | saturation pH carbon oxides
capacity 2 | (percent) (percent) | (percent)
Ca Mg H Na K
034 L Ay 0.5 0.8 24. 6 0.1 0.3 26. 3 6 3.9 11,20 [oo__o.___
Yl ... B’ .2 .ol 230| <.1 2] 244 6 3.9 | 442 2.3
1-3 .. A, .1 .5 10. 8 .1 .2 11. 7 8 4.4 2. 26 1.8
34 _ .. A; .2 .2 81 <.1 .1 8.6 6 4.4 1.17 2.1
4-6__ .. Bn .1 .3 7.9 <.1 .1 8 4 6 4.3 1. 20 2.4
6-10___ _______________ B .1 .3 7.9 .1 .1 85 7 4.4 .34 3.0
10-16_ - _____________ By .1 <.1 9.7 <.1 .1 9.9 2 4.4 17 3.7
16-22___ ______________ Bss <.1 .1 11. 1 <.1 .2 11. 4 3 4.8 .20 5.8
22-36_ __ . __________ Bas <.1 <.1 10. 2 .1 .1 10. 4 2 4.5 .18 5.5
36-46__ _ _________._____ B, <.1 <.1 6.9 <.1 .1 7.0 1 4.6 .04 4.8
46-60_________________ Bss <.1 <.1 6.9 .1 .1 7.1 3 4.7 .11 4.7
60-70__ __ _____________ C, .1 .2 6.0 <.1 .1 6. 4 6 4.8 .02 4.1
70-88_ _ _ . ____ C, .1 .3 5.6 .1 .1 6. 2 10 4.8 .01 4 2

1 Close to clay loam boundary.

2 The sum of the extractable cations is an estimate of the cation-exchange capacity.

zones in the drift extend laterally northward into the
adjacent bedrock.

This drift has been considerably modified since it was
strongly weathered, because when first visited in 1949
the strongly weathered loam till was overlain by a
rubbly colluvium that was a mixture of weakly and
strongly weathered rock fragments in a silt loam matrix.
This colluvium apparently was derived from the bed-
rock that forms the top of the ridge and, without doubt,
was emplaced after the underlying drift was strongly
weathered. The rounded form of the ridge through
which the highway is cut also clearly indicates that
there has been considerable modification of slopes since
the till was deposited (Peltier, 1949, p. 28).

The drift at Penny Hill has three weathering zones
and is probably of Illinoian age. The unweathered
till is an olive calcareous loam resembling in general
appearance and lithology the calcareous till of Wisconsin
age in central New York. The reddish strongly
weathered till is like the parent material of the Red-
Yellow Podzolic soils of the Allenwood series elsewhere
in the region.

Size analyses of two samples of weathered till are
given in table 5. The mineral composition of the clay
fraction of selected horizons is included in table 4.

The profile description which follows was made in
1952 after the colluvium had been largely removed
during highway construction and the top of the bank
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TABLE 4.— Mineral composition of clay fraction of selected horizons of Allenwood, Weikert, and Mardin soils!
[Analyses by U.S. Dept. of Agriculture, Soil Survey Staff, Beltsville, Md. X, detected; M, moderate; A, abundant]

Vermiculite
Depth sampled (inches) Horizon Mica (illite) | Vermiculite and mont- Chlorite Kaolinite Gibbsite
morillonite (percent) (percent)
(interlayered)
Allenwood stony silt loam near Hughesville, Lycoming County, Pa.
-3 e A, M D |- 12 ..
16-22 e Bas M A | 22 Tr.
7088 e 2 A M 22 1
Allenwood siltloam at Penny Hiil, Lycoming County, Pa.
56 - B,? A Ao 20 3
T=8 e 1 A A | 20 3
15-16_ o ___ 3 D | 18 |- ..
16-17 e ___ 3 D M e 15 |- .
37-38 5 D e M <10 |--ooooo.
Weikert very channery siltloam near Hughesville, Lycoming County, Pa
3-12 e A, M A . 12 | .
24-36_________________ T Bx A M b. R I 3 I
56-66________ ___ o ___ 24m D X |- 11 |
66-78_ .. D X e 8 |
Mardin channery siltloam, Mount Pleasant, Tompkins County, N.Y.
S /S A, A M3 e
34‘1 _______________________________________ A 1 z—Az A A U R DRSS I
1-2 e A, A A3 e
2-16. e By, A AY e e
2-165% _ .. Bss A A L M |-
16-20. .l ’ omg D Y O IO ¥ S N I
34-42 LTI 22me D Ms |- M ||
42-524 e D X .. M e

1 Vermiculite, mica, and chlorite data based on X-ray diffraction. Kaolinite and gibbsite data based on differential thermal analysis.

2 Lower part of horizon.

3 14A spacing collapses with K saturation at room temperature. 14A is broad, indicating much\nterstratified (mica-vermiculite) material.
4 14A spacing does not collapse at room temperature, nearly collapses completely at 110° C, and eollapses fully at 500° C.

3 Discontinuous,

¢ 14A spacing does not collapse at 110° C; collapses between 110° C and 500° C.

had been cut westward a few feet to the bedrock forming

the west wall of the buried gorge.

Allenwood silt loam

Allenwood silt loam—Continued

Depth
Horizon (feet) Profile description
Crocaaens 6-13 Red (2.5YR 4/8, moist) and strong-

Depth
Horizon (feet) Profile description
Ay, Ay, B, 0-5 Depth estimated on basis of deseription
B; (upper). made at this same cut in 1949. Horizons
removed before present study.
B, (lower). 5-6 Red (2.5YR 4/8, moist) silty clay loam;

strongly developed, thin, platy strue-
ture; very firm, sticky and plastic when
moist; few roots; very few pores;
prominent red clay skins on ped sur-
faces; 5-10 perecent by volume of
weathered red siltstone, sandstone and
shale pebbles; very strongly acid;
abrupt, smooth boundary. This is the
lower party of the B, horizon. The
very firm consistence and lack of pores
in part may be due to compaction of
this material by a bulldozer when the
upper part of the soil was removed.

brown (7.5YR 6/8 and 7/6, moist)
reticulately mottled loam; strongly
developed, medium, platy structure;
very firm, nonsticky, nonplastic; no
roots; few to many clay-coated discon-
tinuous pores to depth of about 8 feet,
none below; discontinuous red eclay
skins on some peds, also a few, discon-
tinuous light-gray silty and sandy coats;
5 to 10 percent strongly weathered
sandstone, siltstone, and shale pebbles
commonly as much as 2 inches in diam-
eter: many in the ¥%- to Y4-inch diameter
range cut easily with a knife and are
red or strong brown throughout, some
have dark-gray interiors; very strongly
acid; gradual smooth boundary. The
mottles occur as more of less continuous,
distinet, horizontal, %- to %-inch strong-
brown bands.
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Allenwood silt loam—Continued

Depth
Horizon (feet) Profile description
Coo o __ 13-16 Red (2.5YR 4/8 and 10YR 4/8, moist)

reticulately mottled loam; moderately
developed, medium, platy structure in

the upper part, weak, thick, platy or

massive in the lower part; very firm; no
pores; few, discontinuous red clay skins
on some pebbles and peds; distinet and
common, black, finely pitted coats on
peds; 5 to 10 percent strongly weathered
sandstone, siltstone, and shale pebbles,
many small soft yellowish-brown or
strong-brown (10YR or 7.5YR 5/6)
spheroidal, strongly weathered siltstone
pebbles or concretions which have silty
clay loam to clay texture, distinect when
material is cut with a knife; very
strongly acid; abrupt, smooth boundary.

16-26 Yellowish-brown (10YR 5/8, moist) loam,
moderate to weak, thick, platy struc-
ture; very firm; discontinuous red clay
skins on peds in upper part, none in
lower part, black skins prominent ex-
cept in lower part; 5-10 percent sand-
stone, siltstone, and shale pebbles and
stones, many yellowish brown through-
out, others with only a yellowish-brown
rind and relatively unweathered within;
very strongly acid; abrupt, smooth
boundary.

Dark-grayish-brown (2.5Y 4/2, moist)
loam; weak, thick, platy structure;
extremely firm; very small white specks
on many pebbles and peds; very
strongly acid; abrupt, smooth boundary.
In overall appearance the material in
this horizon is exactly like the calcareous
material in the C; horizon. The very
small specks of white material (gyp-
sum?) are neither salty to the taste nor
rapidly soluble in water. They are
hardly noticeable to the eye but can
be seen readily with a 10-power lens.

33-38+ Dark-grayish-brown (2.5Y 4/2, moist) or

light-gray (2.5Y 7/2, dry) loam; weak,
thick, platy structure; extremely firm,
dense, brittle; nonporous, 5-15 pereent
by volume of nearly black, subangular,
fine-grained limestone, sandstone, and
siltstone pebbles and stones, many with
distinet glacial striae, and a few frag-
ments of coarse-grained gray sandstone
ranging from a few to as much as 12
inches in diameter; slightly calcareous
(judged to have about 2- to 5-percent
caleium carbonate equivalent), effer-
vesces freely when dilute hydrochloric
acid is applied.

26-33

A notable feature of this calcareous till, horizons
Ci and C;, is what appears to be strongly weathered
small rock fragments which constitute as much as

33

one-fourth of the total particles in the 1- to 2-milli-
meter size range. The fragments crush easily to a silty
or clayey material. Such fragments may represent
strongly weathered material which existed in the area
before glaciation and was incorporated in the calcareous
til when the glacier advanced. Such strongly
weathered material might be the source of the kaolinite
found in the sample from the horizon at the 37-38-foot
depth. (table 4)

Mechanical analyses (table 5) show that the B,
horizon (depth, 5 feet) has a markedly higher clay
content than does the C, horizon (depth, 12 feet).
This is, of course, characteristic of Red-Yellow Podzolic
soils. The estimated mineral composition of the clay
fraction (table 4), based on X-ray diffraction and differ-
ential thermal analysis, shows a relatively high kaolinite
content in the B, horizon and a gradual decrease down-
ward. A small percentage of gibbsite also occurs in the
B, horizon and is absent below. These results indicate
strong weathering in the B, horizon and a gradual
decrease in intensity downward, as would be expected
if the profile is part of a Red-Yellow Podzolic soil.

The presence of a moderate concentration of vermic-
ulite in the C, horizon (depth 16-17 feet), and the
essential absence of this mineral in the horizons im-
mediately above and below, suggest a break in the
profile. Such a break could be the result of two episodes
of weathering, the first before deposition of the mate-
rial above the C; horizon the second following deposi-
tion of the upper 16 feet of material.

The heavy-mineral content of the sand fraction of
selected samples from the cut was studied by J. G.
Cady in the hope that such data would be informative.
Unfortunately, the percentage of sand in the horizons
sampled is very small, but the analysis did show a
concentration of 22 percent amphibole in the C;
horizon (depth 16-17 feet), versus 9 percent in the C,
horizon (depth 15-16) and 2 percent in the Cj horizon
(depth 37-38 feet). Such a varying distribution of
an easily weathered mineral suggests a complex history
of weathering and deposition, but the data are
insufficient.

The authors conclude that the Red-Yellow Podzolic
soils in this region have developed since early Wisconsin
time, perhaps in Recent time, on strongly weathered
parent material. In favorable places, such as the buried
gorge on Penny Hill, some of the features of the modern
soil, for example, the presence of gibbsite and the
distinctive red color especially in the lower B and C
horizons, may be largely inherited from older pre-
Wisconsin weathering. But even at Penny Hill the
presence of relatively weakly weathered colluvium on
top of strongly weathered till demonstrates truncation
of an older weathering profile, and the mineralogical
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TaBLE 5.—Mechanical analysis of Allenwood silt loam at Penny Hill, Lycoming County, Pa.!

[Analysis by U.8. Department of Agriculture, Soil Survey Laboratory, Beltsville, Md.]

Particle-size distribution (percent by weight)
Material <2 mm
Depth Whole
Sample (feet) soil
Sand
Silt Clay Other
(0.05-0.002 | (<0.002 classes
Very Coarse Medium Fine Very fine mm) mm) (0.02-0.002 | Gravel
coarse [(1-0.5mm} | (0.5-0.25 (0.25-0.1 (0.1-0.05 mm) (> 2mm)
(2-1 mm) mm) mm) mm)
51177 .. 5 2.1 2.2 1.8 3.9 4.8 47. 8 37. 4 30. 6 6
51178 ... 12 4.3 5.4 6.1 14. 7 10. 3 42,8 16. 4 28.0 36

1Samples collected by J. G. Cady and C. S. Denny.

data, although incomplete, suggest a complex history.
The origin of these soils is considered in more detail
in the concluding section of this paper.

SOLS BRUNS ACIDES, GRAY-BROWN PODZOLIC, AND
RED-YELLOW PODZOLIC SOILS

Sols Bruns Acides, Gray-Brown Podzolic and Red-
Yellow Podzolic soils (pl. 5) are soils developed princi-
pally on weakly to moderately weathered parent
materials of colluvial origin found south of the Wiscon-
sin drift border. The area is hilly, and much of the
surficial mantle is thin. Most of the material is of
Wisconsin age, derived in large part by the physical
breakdown of the underlying bedrock. In general,
even on hilltops the surface materials show evidence
of lateral movement. In many places, remnants of
pre-Wisconsin drift or other strongly weathered ma-
terial were incorporated into the colluvium either as
distinct strata or as strongly weathered coarse frag-
ments, many of them rounded, occurring in intimate
mixture with weakly weathered channers.

Two associations have been mapped (pl. 5). The
Weikert-Harleton-Allenwood association includes the
members of the Weikert series, which are Sols Bruns
Acides, developed on yellowish-brown weakly weathered
colluvium of Wisconsin age (fig. 1) that contains some
yellowish or reddish strongly weathered material.
The soils are accordingly yellowish brown throughout.
Most of the rock fragments in the Weikert soils are
relatively unweathered. A profile of the Weikert soil
is described and discussed below. The Gray-Brown
Podzolic—-Red-Yellow Podzolic intergrade soils of the
Hartleton series, associated with the Weikert and Allen-
wood soils (fig. 1), probably developed on mixtures of
weakly weathered colluvium with rather large amounts
of strongly weathered material. The B horizons have a
definite accumulation of silicate clay minerals. The

Hartleton soils resemble the Allenwood soils except
that the solum colors are yellow rather than red.

The Klinesville-Weatherly association includes the
Klinesville soils that are developed on red, weakly
weathered colluvium of Wisconsin age. These are
Sols Bruns Acides and are like the Weikert soils except
for the red colors inherited from the parent material.
The Weatherly soils are comparable to the Hartleton
soils except for inherited red colors.

WEIKERT SOIL NEAR HUGHESVILLE,
LYCOMING COUNTY, PA.

A Weikert soil developed in colluvium of Wisconsin
or younger age was described and sampled in a pit
500 feet above the valley floor on a 20- to 30-percent
slope about 2 miles east of Hughesville, Lycoming
County, Pa. (pl. 1, loc. 32). The vegetation is an oak
forest of predominantly black birch, red maple, sugar
maple, hemlock, red oak, chestnut oak, and flowering
dogwood. Tree-throw mounds spaced about 50 feet
apart form a 2- to 3-foot microrelief.

In the following description a prime (') with horizon
letter designates a micropodzol horizon (for example
A%).

Weikert very channery stlt loam

Depth
(inches)

Y-t

Profile description

Surface litter of whole red oak, chestnut
oak, black birch, and red maple leaves
tied together weakly with fungal hyphae.

Matted, partially decomposed leaves and
needles firmly fastened to each other and
to the A; below by fungal hyphae; many
animals including beetle larvae, ants,
thrips, and millipedes.

Black (10YR 2/2, moist) silt or silt loam;
weak, fine, granular structure; very fri-
able; many rootlets; very high organic-
matter content; possibly should be
considered an A, rather than an A,
horizon.

Horizon

14-0

0-%4
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Wetkert very channery silt loam—Continued

Depth
(inches)

-1

Horizon

A'y-Bloy .

Profile description

Dark-gray (5YR 4/1, moist) very channery
silt loam, a very thin bleicherde, A,,
underlain by a dark-reddish-brown (5YR
3/3, moist) orterde, B’y ; fibrous, spongy,
and tied together with fungal hyphae;
contains 50 percent or more fine chan-
ners, with a few larger ones; pH 5.2;
abrupt, smooth boundary. In many
places these horizons are absent and in
their place is a very dark grayish-brown
(10YR 3/2, moist) very channery silt loam.

Yellowish-brown (10YR 5/4, moist) very
channery silt loam; weak, very fine,
granular structure; very friable; pH 5.1;
abrupt, smooth boundary.

Light-olive-brown (2.5Y 5/4, moist) very
channery sill loam; very weak, medium,
subangular blocky clods with no visible
ped faces;very friable; many roots; many
pores; no clay skins, channers have silt
caps and do not separate cleanly from
surrounding material; pH 4.8; abrupt,
wavy boundary. This horizon is dis-
tinetly paler in color than the B, horizon.

Light-olive-brown (2.5Y 5/4 toward 10YR,
moist) very channery loam, very weak,
medium, subangular blocky structure;
friable; many fine pores; no clay skins;
contains 50-70 percent by volume fine
and coarse channers with very fine sand
packed in around them; clear, wavy
boundary.

Dark-yellowish-brown (10YR 4/4, moist)
very channery loam which feels finer
textured than B; horizon; massive or
very weak, medium, platy structure;
firm, slightly sticky and plastic; many
fine pores, less than in B, horizon; shiny
clay skins are common, some have
yellowish-red color (5YR 4/6); 50-60
percent coarse skeleton, chiefly fine
channers; pH less than 5.0; abrupt,
wavy boundary.

36-54 Dark-yellowish-brown (10YR 4/4, moist)
very channery loam; massive; very firm
in place; 80-90 percent coarse skeleton
consists mostly of coarse channers, in-
cludes as much as 5 percent of sub-
rounded pebbles, the latter conspicuous
because of their absence in horizons
above; channers have silt caps, lie hori-
zontal to the surface, and are firmly
wedged one against another; abrupt,
smooth boundary.

54-56 Yellowish-brown (10YR 5/4, moist) and
brown (7.5YR 4/4) coarse distinctly
mottled channery silt loam; massive;
very firm, nonsticky; 20-30 percent
coarse skeleton mostly weathered hard
angular siltstone; abrupt smooth bound-
ary. This material caps the prisms of
the Byym horizon.

Bogmo_ -

Weikert very channery silt loam—Continued

Depth

(inches) Profile description

56-66 Yellowish-red (5YR 4/6, moist) and brown
(7.5YR 4/4) silt loam which feels finer
textured than Bss, horizon; moderate,
very coarse, prismatic structure, prisms
4 to 6 inches across, bordered with
J-inch-thick pale-brown (10YR 6/3)
very fine sand, and break readily to
very weak, medium, angular blocky
structure; very firm, dense; few clay-
coated pores; 5-10 percent coarse
skeleton consisting of strongly weath-
ered(?) but hard angular fragments of
siltstone; no erratics or rounded pebbles
observed.

66-784 Yellowish-brown (10YR 5/6, moist) very
channery loam; massive; firm in place;
90 percent coarse skeleton, consists of
angular blocks of siltstone capped with
fine material. These coarse fragments
appear to be strongly weathered and
lie on weakly weathered channers and
flags that appear to be part of the under-
lying bedrock. Clay skins and silty
material occur on these less weathered
fragments.

Horizon

On the basis of texture, color, and free iron oxide con-
tent, this soil is classed as Sol Brun Acide. The clay
content of the B, horizons is not significantly greater
than that of the A, horizons (table 6), because the small
variations from horizon to horizon that do exist are
probably the result of slight differences in the parent
material. The color of the individual horizons in the
upper solum, aside from the micropodzol horizons, is
the same throughout, and the free iron oxide content
of the upper solum is essentially uniform. The By
horizon appeared to be the horizon with maximum clay
content when the soil was sampled, but this is not
supported by the particle-size distribution analysis.

At the time of sampling it was thought that the
horizons below 54 inches might be those of a buried
Red-Yellow Podzolic soil. This hypothesis was based
on the yellowish-red color and what appeared to be
strong weathering. The laboratory data (tables 4,
6) do not support this, and the lower horizons are now
interpreted as weakly developed fragipan horizons be-
cause of their firmness and brittleness. There is no
distinet clay accumulation in these horizons, and the
increase in illite and in base saturation does not suggest
strongly weathered material. The redder color may
come from adjacent bedrock, and this would account
for the higher free iron oxide content of the lower solum.
The relatively high silt content in these lower horizons
may be from decomposition of siltstone or from silt
moving down through the solum. Many rock fragments
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TaABLE 6.—Partial chemical analysis and particle-size distribution of Weikert very channery silt loam near Hughesville, Lycoming

County, Pa.
[Analysis by U.S. Department of Agriculture, Soil Survey Laboratory, Beltsville, Md.]
Particle-size distribution (percent by weight)
Material <2 mm in diameter ‘Whole
soil
Depth (inches) Horizon Textural class
Sand Other classes
Silt
(0.05- Clay Gravel
Very | Coarse |Medium| Fine (Veryfine| 0.002 | (<0.002 0.02- >2
coarse (1-0.5 [(0.5-0.25| (0.25- (0.10- mm) mm) 0.2-0.02 | 0.002 mm)
(2-1 mm) mm) 0.10 0.05 mm mm
mm) mm) mm)
Y-l . A'p-B’y| 11. 2 3.5 1.2 2.4 3.6 1628|153 22.2| 45.6 64 | Very channery silt loam.
1-3 . Bl .| 17.7 3.3 .6 .9 2.0 [ 57.9]17.6 | 17.6 | 42. 8 68 Do.
3-12_ . A, . 20. 2 5.8 1.0 .8 1.6 | 56.5 | 141 | 16.9 | 41.7 70 Do.
12-24_____________ Bi_.__. 25.0| 9.7 1.9 1. 4 1.8 | 45.6 | 14.6 | 15.0 | 33.0 74 | Very channery loam.
24-36_____________ By _ .| 274|111 2.3 1.8 2.3137.9(17.2 | 14.8 | 26.2 70 Do.
36-64_____________ Ban,_ | 1222 | 11.9 6.1 7.4 5.2 | 45.8 | 11.4 | 24.2 | 30.6 58 | Channery loam.
54-56_ ___________. o3m- - | 4.2 3.7 1.6 3.3 581652 16.2 | 31.4 | 41.6 25 | Channery silt loam.
56-66_ .. _________ o4m- - _| 1.6 85 2.8 3.7 3.9 553|182 20.7 | 40.5 0 | Silt loam.
66-78 ____________ .| 10.5 | 18. 7 4.0 4.0 3.5|45.2|14.1]18.3 | 32. 5 0 | Loam.
Extractable cations Free
(milliequivalents per 100 g of soil <2 mm) Cation Base Organic iron
Depth (inches) Horizon exchange | saturation pH carbon oxides
capacity ! | (percent) (percent) | (percent)
Ca Mg H Na K
Va1 . A’p-B’y 0.2 0.5 0.9 26. 2 0.1 27.9 6 4.0 7.90 2.2
1-3_ . By . .5 .2 .6 18. 8 .1 20. 2 7 4.6 3. 62 2.2
312 _ A . .1 .3 .2 10. 2 <.1 10. 8 6 4.6 1. 26 1.8
12-24_ _ _ ______________ B ____ .1 .2 .2 7.3 .1 7.9 8 4.7 .39 2.1
24-36_ o ______ Bor ... .3 .8 1.1 6.0 .1 8.9 32 5.0 .21 2.5
36-54. . __________ 29m - — - .2 .5 1.1 4.7 .1 6. 6 29 4.9 .16 2.7
54-56_ . _____________ 28m - - - .2 .1 1.2 5.8 .1 7.4 22 4.6 .15 3.3
56-66___ ______________ 24m - - - .2 .1 1.5 5.6 .1 7.5 25 4.8 . 16 4.3
66-78. . . I .3 .2 2.1 4.9 .1 7.5 35 5.0 .15 3.8

1 The sum of the extractable cations is an estimate of the cation-exchange capacity.

in the lower solum have thick caps of silt, which
indicate downward movement of silt.

Sols Bruns Acides (Weikert series) with little or no
clay accumulation in the sola are closely associated
with Red-Yellow Podzolic soils (Allenwood series)
which have a distinct clay accumulation in their sola.
Gray-Brown Podzolic-Red-Yellow Podzolic intergrade
soils (Hartleton series) are found on colluvium of Wis-
consin age which consist of mixtures of weakly weather-
ed and strongly weathered materials. These soils have
a distinct clay accumulation in the B horizon but are
classed as intergrades primarily on the basis of less
contrast in color between the A, and B horizons than
in Red-Yellow Podzolic soils. Therefore some soils
with clay accumulation have developed during and
since Wisconsin time. We believe that the closely
associated Weikert, Hartleton, and Allenwood soils are
of equal age but differ principally because of dissimilar
parent material.

PODZOLS AND SOLS BRUNS ACIDES

The Podzols and Sols Bruns Acides, which include
only the Leetonia-Dekalb association, (pl. 5) consist

primarily of soils developed on coarse- to medium-
textured parent materials of Wisconsin age and largely
derived from the adjacent bedrock. These soils occur
both north and south of the Wisconsin drift border, a
rather large part of their area having been covered by
the Wisconsin ice sheet. Podzols develop generally
in coarse-textured parent materials whose internal
drainage is moderately good or better, chiefly in the
Appalachian Plateaus at altitudes above 1,500 feet.
Gray or yellow very coarse textured highly quartzose
mantles derived chiefly from conglomerate and very
coarse grained sandstone (Pottsville formation) are
the parent materials of the Leetonia series (table 2).
Red deposits of similar texture derived from red beds
are the parent materials of the Dilldown series. These
two soils are associated closely with Sols Bruns Acides
of both the Dekalb and Lehew series that are developed
on materials with a higher proportion of medium and
fine sand. Podzols also develop on silty parent mate-
rials of limited extent that are similar to those of the
Sols Bruns Acides of the Bath and Lackawanna series.
Some Podzols intergrade toward Sols Bruns Acides.
South of the drift border this association includes a
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few smaller areas, each a few acres in size, of Red-
Yellow Podzolic soils and of Red Yellow Podzolic-
Podzol intergrades.

These soils were not studied in detail. In the higher
parts of the Appalachian Plateaus, strongly developed
Podzols are found on highly quartzose parent materials,
probably because there is little material to provide
suitable amounts and kinds of silicate clay for accumu-
lation in the solum. On the remnants of strongly
weathered materials, Red-Yellow Podzolic soils com-
monly have thin Podzol sola in their upper parts.
Such thin sola are probably a reflection of the cool
climate. Vegetation in the area is both oak forest and
northern hardwood (pl. 6) but this difference, so far
as i1s known, has not had an appreciable influence on
soil development. Thus, the local differences in the
well-aerated soils are due principally to their parent
materials.

SOLS BRUNS ACIDES AND LOW HUMIC-GLEY SOILS

Sol Brun Acide is the most extensive great soil group
recognized in the region and is commonly associated
with much smaller areas of Low Humic-Gley soils
(pl. 5). Sols Bruns Acides occur on well, moderately
well, and somewhat poorly drained parent materal,
while the Low Humic-Gley soils are found on poorly
drained parent materials, their distribution being de-
pendent largely on the slope. Thus, where there are
extensive areas of 2- to 3-percent slopes, Low-Humic-
Gley soils are dominant. Sols Bruns Acides may de-
velop on all kinds of weakly or moderately weathered
parent material of Wisconsin or younger age. Most
have fragipan horizons and are periodically wet, with
a perched or a high-water table during much of the
year. Although most of the soils described n this
paper are in the area north of the Wisconsin drift bor-
der, identical soils are also found to the south. For
example, laboratory study of samples of some soils
in Potter County, Pa., show identical chemical proper-
ties and particle-size distribution irrespective of loca-
tion in relation to the drift border (Soil Conservation
Service, written communication).

These two great soil groups, Sol Brun Acide and
Low Humic Gley, are subdivided into five soil associa-
tions (pl. 5). Two of these, the Chenango-Tunkhan-
nock association and the Lordstown-Bath-Mardin-
Volusia association are described in detail. The
remaining three associations are mentioned briefly only
for completeness.

The Lordstown association is' composed almost en-
tirely of the Lordstown soils and occurs for the most

part on steep slopes bordering the valleys of the larger
streams. The soils in the Lackawanna-Wellsboro-
Morris association are developed on reddish till or
colluvium and have reddish colors throughout. The
Lackawanna soils are well drained, and the Wellsboro
soils are moderately well drained; both are Sols Bruns
Acides. The Morris soils are members of the Low
Humic-Gley great soil group. These three soils paral-
lel the Bath, Mardin, and Volusia soils in all properties
except for the red solum color that is inherited from the
underlying bedrock. The Oquaga-Lackawanna asso-
ciation also includes soils with red colors inherited from
the underlying bedrock. The Oquaga soils commonly
overlie bedrock at a depth of less than 3 feet and lack
fragipans. They occur principally on steep valley
walls and ridgetops and parallel the Lordstown soils
in all properties except solum color.

CHENANGO-TUNKHANNOCK ASSOCIATION

The Chenango and Tunkhannock soils are Sols Bruns
Acides developed on stratified parent materials that
are commonly gray glaciofluvial deposits of Wisconsin
age. If the deposits are red, the soils are members of
the Tunkhannock series. The Chenango soils, although
resembling the Howard soils (p. 46) and in some places
occurring on similar parent material, have a relatively
low clay content in the B horizon, the horizons are not
prominent, and the parent materials are deeply leached,
commonly in excess of 5 feet. Some Chenango soils
have developed on noncalcareous gravel or on gravel
leached to depths of more than 20 feet. Because the
calcium carbonate content of the gravel may vary
widely, its presence is apparently not required for the
formation of Sols Bruns Acides.

CHENANGO SOIL NEAR OWEGO, TIOGA COUNTY, N.Y.

A typical Chenango soil, developed on glaciofluvial
deposits along Owego Creek about 3 miles north of
Owego, Tioga County, N.Y. (pl. 1, loc. 15; fig. 14),
was exposed for several hundred feet in a trench about
5 feet deep. The gravel resembles that at Wysox, Pa.
where the Howard soil is developed (p. 46), but per-
haps contains a higher proportion of cobbles. No count
was made by lithologic types of the pebbles i the
deposit, but it is probable that the gravel near Owego
contains fewer pebbles of black or dark-gray fine-grained
limestone than the deposit at Wysox. The gravel is
leached to depths of about 6 or 7 feet. The base of the
leached zone, in contrast to that at Wysox, is fairly
horizontal, as no irregular pipes or tongues extend down
into the calcareous material. A description of
Chenango gravelly loam follows.



38

Chenango gravelly loam

Depth (inches)
0-7

Horizon Profile description

Very-dark-grayish-brown (10YR 3/2,
moist) gravelly silt loam; moderate,
medium, granular structure; friable;
22 percent by weight coarse skeleton,
mostly noncaleareous, grayish, fine-
grained sandstone and siltstone with
grains !4 to 1 inch in diameter; pH
5.3; abrupt boundary.

Dark-grayish-brown (10 YR 4/4, moist),
slightly paler than the B; horizon;
gravelly silt loam; weak, thin, platy
structure; very friable; 20 percent by
weight coarse skeleton; isolated,
light-gray, very fine sand particles
occur on the surfaces and interiors of
peds; vertical earthworm tunnels
contain a considerable amount of
A, horizon material; pH 5.1; abrupt
boundary.

12-20 Dark-yellowish-brown (10YR  4/4,
moist) gravelly silt loam; very weak,
medium, subangular blocky struc-
ture; friable; 59 percent by weight
coarse skeleton; pH 5.1; abrupt
boundary.

20-30 Brown (7.5YR 4/4, moist) very gravelly
loam; weak, coarse, subangular
blocky structure; firm; surface of
peds are darker than those in B, and
have discontinuous clay skins about
!4 inch in diameter; no ghosts of
former calcareous pebbles; 65 percent
by weight coarse skeleton; pH 5.1;
clear, wavy boundary.

Dark-yellowish-brown (10YR  4/3,
moist) very gravelly coarse sandy
loam; massive; loose; roots common;
%- to l4-inch-diameter cavities
between pebbles; small pockets of
clay loam, silty clay loam, and clay
occur, probably fill pre-existing cavi-
ties; strong brown (7.5YR 5/6) and
very dark grayish-brown (10YR
3/2), soft, weathered ghosts of
former calcareous pebbles occupy
up to 20 percent by volume of this
horizon; 74 percent by weight coarse
skeleton; pH 5.4; clear boundary.

Very dark grayish-brown (10YR 3/2,
moist) very gravelly coarse sandy
loam; massive; loose; sticky; car-
bonates occur on the underside of
many pebbles; a few dark-colored
clayey-surfaced 2- to 4-inch-diam-
eter pebbles with calcareous interi-
ors; cobbles 6-8 inches in diameter
are common, but most coarse frag-
ments are in the 1- to 6-inch range;
74 percent by weight of the soil
material is 2 millimeters or greater
in diameter; a few, soft, leached
ghosts and some partially leached
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Chenango gravelly loam—Continued

Horizon Depth (inches) Profile description
pebbles; calcareous, 20 percent cal-
cium carbonate equivalent; clear,
wavy boundary.
Cooeome 90-100+ Very dark grayish-brown (2.5Y 3/2,

moist) very gravelly coarse sand,
single grained, cemented by car-
bonate to a conglomerate in places;
19 percent calcium carbonate equiv-
alent. Depth to carbonate varies
in the terrace from about 6 to 10
feet, with an average of about 7
feet.

Like many other Sols Bruns Acides, the Chenango
soil has an A, horizon with a weak thin platy structure
and pale color, no appreciable clay accumulation in the
B horizon, a strongly acid solum, and, unlike Podzols,
rather uniform distribution of free iron oxide in the
upper solum (table 7). The larger amounts of {ree iron
oxide in the By, By, and C; horizons possibly are related
to remnants of leached ferruginous or argillaceous lime-
stone fragments, some of which are still present as small
masses or pockets of clay in the B, horizon. The
accumulation of clay in the B; horizon is probably
localized in the partially leached limestone fragments.
The upper 20 inches of the profile has been enriched in
silt, most likely by fluvial deposition, or possibly by
colluvial or eolian processes.

The amount of limestone and dolomite pebbles in the
parent material of the Chenango soils is usually less
than in that of the Howard soils (fig. 8). Clay is
released when the soluble calcium or magnesium car-
bonate is leached from the argillaceous limestone or
dolomite pebbles. The smaller amount of clay released
when the parent material of the Chenango soils is
leached probably explains why the amount of clay
accumulated in the B horizon of the Chenango soils is
smaller than that in the Howard soils. This is dis-
cussed in the description of the Howard soils at Wysox,
Pa. (p. 49).

Sols Bruns Acides are widespread in the Elmira-
Williamsport region on weakly weathered parent
materials of Wisconsin or Recent age. The exact time
when any given material became stabilized sufficiently
for soil development to begin is not known. For ex-
ample, the colluvium near Hughesville, Pa., on which
the Weikert soil, a Sol Brun Acide, developed (p. 34),
could be younger than the gravel near Owego, N.Y.,
even though the former is in the area south of the
Wisconsin drift border. The glaciofluvial deposits of
the valley-train terraces offer the best opportunity for
comparing the development of Sols Bruns Acides on
parent materials of different age. The gravel terrace
near Muncy, Lycoming County, Pa., about 15 miles
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TaBLE 7.—Partial chemical analysis, particle-size distribution, and
County,

textural class of Chenango gravelly silt loam near Owego, Tioga
N.Y.

[Analyses by U.S. Department of Agriculture, Soil Survey Laboratory, Beltsville, Md.]

Particle-size distribution (percent by weight)
Material <2 mm in diameter Whole
soil
Depth (inches) Horizon Textural class
Sand Other classes
Silt
(0.05- Clay Gravel
Very | Coarse {Medium| Fine (Veryfine| 0.002 <0.002 0.02- >2
coarse | (1-0.5 {(0.50.25] (0.25- 0.10- mm) mm) | 0.2-0.02 | 0.002 mm)
(2-1 mm) mm) 0.10 0.05 mm mm
mm) mm) mm)
0-7_ ... A, 0.9 3.5 3.7 5.4 110.0 | 63.8|12.7|44.0| 32.7 22 | Gravelly silt loam.
7-12_ .. A, 7 2.8 3.5 4.7 9.4 167.8[11.1|46.4 | 33.3 20 Do.
12-20_ . ______ B, 1.0 4.6 4.8 6.0110.0]63.3}10.3 |46.2 | 30.1 59 Do.
20-30. .. ________ B:; 3.7 119 9.1 8.1 87 46.7 | 11.8 | 35.8 | 23. 4 65 | Very gravelly loam.
30-72_____________ By 471243233120 3.7120.9(11.1 (143 | 14.6 74 | Very gravelly coarse sandy
loam.
72-90_ .. __________ C, 11.5 1 31.0 | 13.0 7.5 3.3|16.5|17.2 1 11.1 | 1L 5 74 0.
90-120___________._ C, 3.9 134.2(29.2|17.5| 4.2 8.0| 3.0 142 4.4 77 | Very gravelly coarse sand.
Extractable cations
(milliequivalents per 100 g of soil <2 mm) Cation | Base CaCO; | Organic |Freeiron
Depth (inches) Horizon exchange| satura- pH equiva- | carbon | oxides
capacity!| tion lent |(percent)|(percent)
Ca Mg H Na K (percent) (percent)
0-7 ... A, 22.1 5.6 0.8] 15.6 [<0.1 01 29 5.3 |------ 3. 14 1. 60
-2 L .. A, 12. 7 1.3 .31]10.8 .2 .1 15 5.1 |._____ .70 1. 60
12-20_ . .. B, 10.5 1.3 .3 8.4 .3 2 20 5.1 [___.. . 46 1. 68
20-30_ . - ... By, 87 1.7 .3 6.2 .3 2 29 5,1 [_____ .25 2. 32
30-72__ .. 22 11. 3 3.3 .7 6. 8 .3 2 40 5.4 |_.____ .17 1.84
72-90_ o ee_ 1 20.7 | 12.4 4.7 3.4 .1 1 84 7.0 2 .05 2. 16
90-120_ - L ___ C,; 1226 | 12,1 4 <1< 1 1 100 7.6 19 .10 72

1 The sum of the extractable cations is an estimate of the cation-exchange capacity.

east of Williamsport (pl. 1, loc. 34), is located a few
miles south of the Wisconsin drift border and was built
by melt water when the Olean ice sheet was at or near
the drift border. This gravel is certainly older than
similar gravels in the Susquehanna Valley near Wysox
or near Owego, which are in part outwash from the
Valley Heads moraine. Both the gravels near Muncy
and near Owego support Sols Bruns Acides. The
Tunkhannock soil on the terrace near Muncy has much
the same profile characteristics as the Chenango soil
near Owego; the major difference is the inherited brown
and red colors of the Tunkhannock soil and the lack
of carbonate. Many Chenango soils, however, have
no carbonate in their parent material. The similarity
between these two profiles suggests that the difference
in age between their parent materials has not influenced
the course of soil development.
LORDSTOWN-BATH-MARDIN-VOLUSIA ASSOCIATION

The Lordstown-Bath-Mardin-Volusia association,
the most extensive in the region, includes the well-
drained Bath soils, the moderately well-drained Mardin
soils, and the somewhat poorly drained Volusia soils;
all three have brittle, very firm fragipan horizons.
The gray or olive parent materials of these soils are

till or colluvium of Wisconsin age that formerly were
thought to be acid throughout. Deep exposures show,
however, that most of the deposits actually are cal-
careous below depths of about 7 feet. Profiles of these
soils were examined in many places, including a con-
tinuous pipeline trench, about 5 miles long and about
5 feet deep, across the uplands a few miles north of
Owego, N.Y.

The Lordstown soils are well drained and occur on
olive or gray till or colluvium, commonly on ridgetops
or steep slopes where bedrock is at depths of less than
3 feet. They do not have fragipan horizons and in
general have a higher proportion of channers through-
out the profile than the Bath soils.

Bath and Mardin soils developed on both Olean and
Valley Heads drifts were studied in detail, but no soil
differences were observed which could be related to
differences in age of parent material. The parent
materials are similar except for a slightly greater con-
tent of crystalline rocks in the Valley Heads till. Like-
wise, no profile differences among these soils were found
which could be related consistently to differences in
the species composition of the present forest. (See
p. 54.)
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Bath channery silt loam

Chenango gravelly silt loam
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FIGURE 14.—Section of a valley wall showing colluvium overlying glaciofluvial deposits of Valley Heads subage. Bath soil on the colluvium adjoins Chenango soil on the

adjacent sand and gravel.
July 1954 (pl. 1, loc. 15).

BATH SOIL NEAR OWEGO, TIOGA COUNTY, N.Y.

In the valley of Owego Creek about 3 miles north of
its mouth, a gravel terrace of Valley Heads subage is
overlain by locally derived olive-brown colluvium.
There is no trace of a buried soil between the colluvium
and the glaciofluvial deposits (fig. 14). Bath channery
silt loam soil is developed on the colluvium, and
Chenango gravelly loam is the soil on the adjacent
gravel. (See p. 37.) Gray fine-grained sandstone
which crops out upslope has contributed many small
fragments to the colluvium, aggregating 55 percent by
weight. The continuity of soil horizons across the
geological boundary between colluvium and glacio-
fluvial deposits indicates that the same kind of develop-
ment has gone on irrespective of, differences in parent
material or degree of slope. The analyses (tables 7,
8) show that, after leaching, the materials in which
the two soils have developed are not greatly different
either in lithology, in texture, or in chemical properties,
even though the mode of origin of the parent materials
is considerably different. The following is a descrip-
tion of Bath channery silt loam.

Bath channery silt loam

Horizon Depth Profile description
(inches)
Ay . 0-8 - Very dark-grayish-brown (10 YR 3/2, moist)

channery silt loam; weak, fine granular
structure, platy in some places where
heavy trench-digging machinery has
compressed the soil; friable; 43 percent
by weight coarse skeleton, mostly an-
gular siltstone or fine-grained sandstone
fragments; pH 4.8; abrupt, smooth
boundary.

Exposure in 5-foot-deep pipeline trench that crosses the valley of Owego Creek about 3 miles north of Owego, Tioga County, N.Y.; examined

Bath channery silt loam—Continued

Depth Profile description

(inches)

8-12 Olive-brown (2.5Y 4/4, moist) channery
silt loam; weak, thin, platy structure;
friable; 50 percent by weight coarse
skeleton, mostly 14- to ¥%-inch-long chan-
ners; pH 5.1; abrupt, smooth boundary.

12-22 Essentially like the material in the A,
horizon, but with weak, medium, blocky
structure; 57 percent by weight coarse
skeleton; pH 5.2; clear, smooth bound-
ary.

22-48 Olive-brown (2.5Y 4/4, moist) channery
silt loam; very weak, very coarse,
subangular blocky structure; very firm
in place, friable when removed, mode-
rately brittle; pores common; many
obvious and continuous shiny clay
skins; much unaggregated silt in pores
and around pebbles; 48 percent by
weight coarse skeleton; pH 5.2; gradual
boundary.

48-72 Similar to Bz, horizon above; very firm;
57 percent by weight coarse skeleton;
pH 5.2; clear, smooth boundary.

72-84 Olive-brown (2.5Y 3/4, moist) channery
loam, massive with perhaps a faint
shinglelike arrangement of fragments;
firm in place, much less firm than B
horizons; Y4e-inch-diameter pores com-
mon; clay skins rare, 14 inch apart,
and discontinuous; 55 percent by weight
coarse skeleton, mostly of ¥- by %- by
14-inch channers of gray fine-grained
sandstone; pH 5.3.

Horizon

The soil is classified as Sol Brun Acide because it has
an A, horizon, no clay accumulation in the B, horizons,
no stronger color in the upper B horizon than below, a
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fairly uniform content of free iron oxide throughout
the solum, and a strongly acid reaction (table 8). Tt
is classed as a member of the Bath series mainly
because of its very firm, brittle B,y horizons. The clay
content of the entire solum is less and the amount of
coarse skeleton is somewhat greater than in the typical
Bath soil. In these respects it is like the Lordstown
soils. The particle-size data (table 8) indicate that
about half the soil material is coarser than 2 millimeters
and about a quarter is silt. Perhaps this distribution
results from decomposition of the siltstone and sand-
stone bedrock.

A slightly higher silt content in the upper solum as
compared with that of the lower solum parallels a
corresponding higher silt content in the upper solum of
the nearby Chenango soil (table 7). Clay skins on the
surface of peds and in pores occur in the By, horizons,
but the particle-size distribution (table 8) indicates
clearly that even though these films of clay are distinct,
they do not give a greater overall amount of clay to the
horizon in which they occur. There is, in fact, less clay
in these horizons (B, and Byyy).

The cause of the very firm, brittle consistence of the
Bum horizons is unknown. Although such firmness in
till has been attributed to the weight of an overlying ice
sheet, such an explanation is not applicable to colluvium.
The association of clay skins with such consistence sug-
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gests that both may be due to the deposition of clay.
Knox (1957) postulated for similar horizons in a Rock-
away soil in Orange County, N.Y., that clay particles
may act as the cementing agent or binder.

The extent to which the minerals in the solum have
been modified by weathering has not been determined,
but the increase in base saturation with depth (table 8),
an increase in the amount of extractable calcium and
magnesium ions with depth, and a fairly uniform free
iron oxide content suggest that the minerals of the soil
are in early states of chemical weathering (Jackson and
Sherman, 1953). The data indicate that leaching rather
than chemical alteration has been the chief soil-forming
process. Aside from a more intense olive color in the
B horizons, this Bath soil is strikingly similar, both
chemically and morphologically, to the Weikert soil
near Hughesville, Pa. (p. 34), which is also classed as
Sol Brun Acide.

MARDIN AND BATH SOILS NEAR DRYDEN, TOMPKINS COUNTY, N.Y.

The Mardin and Bath soils developed on till of Valley
Heads subage were studied on the Mt. Pleasant Farm
of the Department of Agronomy, Cornell University,
about 7 miles east of Ithaca, N.Y. (pl. 1, loc. 2). The
soils on the farm, located north of the Valley Heads
moraine of Fairchild, were compared with similar soils
on Olean drift south of the moraine. Trenches were

TaBLE 8.—Partial chemical analysis and particle-size distribution of Bath channery silt loam near Owego, Tioga County, N.Y.

JAnalysis by U.8. Department of Agriculture, Soil Survey Laboratory, Beltsville, Md.]

Particle-size distribution (percent by weight)
Material <2 mm in diameter ‘Whole
soil
Depth (inches) Horizon Textural class
Sand Other classes
Silt
(0.05- Clay Gravel
Very | Coarse |Medium| Fine [Veryfine] 0.002 | <0.002 (0.02- (<2
coarse (1-0.5 |(0.5-0.25| (0.25- (0.10- mm) mm) {(0.2-0.02{ 0.002 mm)
(21 mm) mm) 0.10 0.05 mm) mm)
mm) mm) mm)
0-8 . A, 14.7| 6.7 1.8 21 5.3 56.013.4|28.5]| 33.8 43 | Channery silt loam.
8-12_ o ____ A, 13. 5 7.0 2.0 1.9 6.2 | 57.2(12.2]31.8] 32.6 50 Do.
12-22_ . B, 12.7 6. 2 1.8 1.7 5.4 | 58.6(13.6 | 30.5 | 34.4 57 Do.
22-48___ __________ Baim 15. 5 8.3 2.6 2.9 7.0 1 54.1 9.6 | 35.2 | 27. 4 48 Do.
48-72_ . ___ Baom 12.7 9.7 2.8 3.2 8.4 54.4 8.8]36.1 | 28.4 57 0.
72-84. 155 (11.5| 35| 3.7 9.6 {484 7.8|37.3|22.6 55 | Channery loam.!
Extractable cations Free
X (milliequivalents per 100 g of soil <2 mm) Cation- Base QOrganic iron
Depth (inches) Horizon exchange | saturation pH carbon oxides
capacity 2 | (percent) (percent) (percent)
Ca Mg H Na X
08 . A, 19. 8 1.7 0.5 17. 4 0.1 0.1 12 4.8 2. 64 1. 44
812 . A, . 9.8 .8 .3 8 4 .2 .1 14 5.1 .49 1.20
12-22_ . B ____ 9.9 .8 .3 8. 4 .2 .2 15 5.2 .33 1.44
22-48_ . ... Biim- - - 8. 1 1.1 .3 6. 4 .2 .1 20 5.2 .16 1. 04
48-72_ . 22me - - 6.4 1.3 .6 4.0 .3 .2 38 5.2 .03 1. 20
72-84_ . 7.5 1.9 1.0 4.2 .2 .2 44 | . 5.3 .14 1.20

1 Close to channery coarse sandy loam boundary.

2 The sum of the extractable cations is an estimate of the cation-exchange capacity.
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FIGURE 15.—Sections showing Bath and Mardin soils developed on till of Valley Heads subage. The Mardin soil has a fragipan and the Bath soil shows conspicuous
evidence of tree throw. Exposure in trenches on Mt. Pleasant Farm, Department of Agronomy, Cornell University, near Dryden, about 7 miles east of Ithaca,

Tompkins County, N.Y. (pl. 1, loc. 2).

dug to expose the soil, and scale diagrams of the profiles
were prepared (fig. 15). The fragipan horizons of the
soils at this same locality have been studied by Carlisle.!
Laboratory data based on samples collected in the
trenches and data from Carlisle are given in table 9 and
figure 16. The sample area is at an altitude of about
1,750 to 1,800 feet and in northern hardwood forest.
The present vegetation consists principally of beech,
red oak, red maple, and sugar maple. Stumps of
chestnut are common, and well-decayed stumps of
hemlock or white pine are present also.

1 Carlisle, F. J. Jr., 1954, Characteristics of soils with fragipans in a Podzol region:
Cornell Univ., Ithaca, N.Y., PhD thesis.

The till of Valley Heads subage is olive, massive,
dense, and very firm; soil scientists classify it as channery
silt loam. Angular and rounded rock fragments up to
6 inches in diameter constitute about 35 percent of the
mass. Most are olive fine-grained sandstone and
siltstone that resemble the underlying bedrock; a
few—perhaps 5 or 10 percent—are granitic rock and
coarse-grained sandstone. The Mardin soil has devel-
oped -where the till is more than 4 feet thick, and the
Bath soil where olive sandstone and siltstone bedrock
lie at a depth of not more than 4 feet. In the Bath soil
the size and number of small fragments and flagstones
increase with depth.
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TABLE 9.—Selected properties of three profiles of Mardin channery silt loam

Extractable cations (milliequiva-
Depth lents per 100 g of s0il<2 mm) Cation Base
Horlzon (inches) h saturation pH Location, source of data, age of parent material
capacity! | (percent)
Ca Mg K
Ap . 0-6 4.2 0.3 0. 10 11. 7 39 5.0 | Mt. Pleasant Farm, Dryden, Tompkins
Boeoo 6-9 1.1 .1 .07 7.2 18 53 County, N.Y. The M, profile of
Algo . 9-1134 .6 .1 .05 3.2 25 55 Carlisle. Parent material is till of
By o _ 1134-29 2.3 .7 .13 7.2 44 5.4 Valley Heads subage.
By ooC 29-53 3.3 1.1 .13 8. 4 54 5.6-6.0
Clocc e 53-59 3.6 1.4 . 08 9.6 53 6.1
. 0-6 1.8 0.2 0. 07 12, 6 17 5.0 | Mt. Pleasant Farm, Dryden, Tompking
By 6-12 1.3 .2 .07 10. 5 15 5.2 County, N.Y. The M; profile of
Al . 12-16 .7 .1 .05 55 16 5.0 Carlisle. Parent material is till of
By L 16-32 2.1 .2 .07 6.0 40 | 5.0-5. 4 Valley Heads subage.
Bl . 32-55 4.2 1.7 .12 8.2 73 5.4
Cloee o 55-61 5.3 1.7 .10 81 88 6.5
A . 0-4 7.6 0.4 0.6 37 23 4.9 | Pipeline trench on uplands about 4
Ag . 4-6 1.4 .4 2 16. 6 12 4.8 miles northeast of Owego, Tioga
Byl 6-10 1.3 .3 2 14. 2 14 4.7 County, N.Y. Analysis by U.S.
Boro oo 10-16 1.2 .4 1 11. 8 17 4.7 Department of Agriculture, Soil Sur-
Boomg - e 16-24 1.2 .7 1 13.1 18 4 8 vey Laboratory, Beltsville, Md. Par-
S S 24-48 3.1 2.2 1 14. 4 39 5.2 ent material is till of Olean subage.
e e = 48-54 5.1 3.3 1 16, 7 52 5.7
1 The sum of the extractable cations is an estimate of the cation-exchange capacity.
Mardin channery silt loam is described below and Mardin channery silt loam~—Continued
diagrammed in figure 15. This soil has conspicuous ] Depth o
fragipan horizons, and in the soil-profile descriptions Horizon (fnches) Profe description
g1p . a(, . , . X p (10YR 5/4 and 5/6) in a few places;
they are designdted by a prime (‘) with horizon letter moderate, coarse and medium, sub-
(for example B’ymg)- angular blocky structure which crushes
to weak fine granular structure; friable
Mardin channery silt loam to firm; roots numerous; namy fine
Depth pores; 30 percent coarse skeleton;
Horizon (inches) Profile description abrupt boundary; continuous horizon.
Agye e 1-0 Loose leaves. Bogoo . 2-16 Light-olive-brown (2.5Y 5/4, moist) chan-
Apeeeo2 0% Black (10YR 2/2, moist) silt loam; weak nery silt loam; weak, coarse subangular
and moderate, medium, granular struc- blocky structure, peds crush readily to
ture; very friable; horizontal, fine roots weak, fine, subangular blocks and fine
are numerous and occupy about one- granules; friable; 27 percent coarse
half the volume; low bulk density, skeleton; discontinuous horizon, dis-
fluffy, high content of organic matter; continuity undoubtedly the result of a
earthworms common, their mounds fallen tree.
numerous; abrupt, smooth boundary; A’,p....__ 16-20 Olive (5Y 5/3 and 2.5Y 5/3, moist) channery
continuous horizon. silt loam which feels like a fine sandy
Apo . Y5-34 Dark-brown (10YR 3/3, moist), gray loam, with common, fine, faint mottles
when dry (10YR 5/1), silt loam; weak, of olive brown (2.5Y 4/4); weak, coarse,
fine, granular structure; very friable; platy structure; very firm, weakly
matted with rootlets; 6 percent coarse brittle; abrupt wavy boundary; 34
skeleton. The gray dry soil resembles percent coarse skeleton; continuous
the A, horizon of a Podzol. horizon. About ¥ inch thick over the
Ap-Ay .- ¥-1 Dark-brown (10YR 4/3, moist) silt loam; underlying prism tops but deeper be-
very weak, thin, platy structure; weakly tween the domes.
matted with mycelium; 9 percent coarse B/ype----  20-34 Olive-brown (2.5Y 4/4, moist) channery
skeleton. This is a transitional horizon. silt loam with common, coarse, prom-
A L 1-2 Brown (10YR 5/3, moist) channery silt inent and faint mottles of dark
loam; weak, very thin, platy structure; yellowish brown, strong brown, and
friable; many rootlets; discontinuous olive; moderate, very coarse, prismatic
silt coats on some peds; 23 percent structure; extremely firm; brittle; few or
coarse skeleton; abrupt, smooth bound- no roots; prominent mottles border the
ary; continuous horizon. prisms, faint mottles are inside the
Bopooooo_ . 2-16 Dark yellowish-brown (10YR 4/4, moist) domed prisms; 33 percent coarse skele-

channery silt loam, yellowish brown

ton; abrupt, smooth boundary.
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Mardin channery silt loam—Continued

Depth

(inches) Profile description

34-42 Olive-brown (2.5Y 4/4, moist) channery silt
loam; weak, coarse, prismatic structure;
extremely firm; roots only between
prisms; few, coarse (1 mm), clay-coated
pores; prisms are about 12 inches in
diameter; outsides are olive (5Y 5/3)
but under the surface is a thin layer of
strong brown which, in section, gives
appearance of streaks vertically or
horizontally; 46 percent coarse skeleton;
clear, smooth boundary.

42-52 Olive (5Y 4/3, moist) channery silt loam
till; massive; very firm, dense, not
brittle, nonporous; 36 percent coarse
skeleton, mostly angular and rounded
fragments of unweathered, olive, fine-
grained sandstone or siltstone. Up to
10 percent of the coarse skeleton is
pebbles of granitic rock or coarse-grained
sandstone.

About 150 feet distant from the profile just discussed,
a second trench was dug in an area of Bath channery
silt loam (fig. 15). This Sol Brun Acide has a discon-
tinuous By horizon which in some places resembles
that of a Podzol soil and is designated B,p; in other
places the B,, horizon resembles that of a Brown-Pod-
zolic soil and is designated Byge. The soil profile is
described below, except that the horizons in the upper
solum are not mentioned if they are similar to the cor-
responding horizons of the Mardin soil.

Horizon

Bath channery silt loam
Depth
(inches)

2-0

Horizon Profile description

Matted leaves, softened, partially broken
and decayed; discontinuous horizon,
present only in tree-throw depression
or root channel.

A, Ay, Similar to those of Mardin soil in same
A.. area.

Dark-yellowish-brown (10YR 4/4, moist)
channery silt loam; very weak, fine
and very fine, granular structure;
gradational boundary; discontinuous
horizon.

1%-2 Dark-reddish-brown (5YR 2/2, moist)
silt loam; very weak, fine granular
structure; gradational boundary; dis-
continuous horizon.

Similar to those of Mardin soil in same
area.

12-26 Dark-yellowish-brown (10YR 4/4, moist)
or olive-brown (2.5Y 4/4) channery
silt loam with common, medium, dis-
tinet mottles of light olive brown
(2.5Y 5/4) and olive (5Y 5/3); moderate
to weak, medium, angular and sub-

B21BP—— -—-

angular blocky structure; firm; very .

weakly brittle; abrupt, smooth bound-
ary ; discontinuous horizon.
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Bath channery silt loam—Continued

Depth

(inches) Profile description

12-26 Olive (4Y 4/3, moist) channery silt loam;
weak, fine and medium, subangular
blocky structure; firm in place, friable
when removed; 10-20 percent coarse
skeleton; abrupt boundary; discontin-
uous horizon.

26-30 Light-olive-brown (2.5Y 5/4, moist) chan-
nery sandy loam with common, medium,
faint mottles of grayish brown (2.5Y 5/2)
and dark yellowish brown (10YR 4/4);
medium, subangular blocky, and weak,
medium, platy structure; peds separate
readily into weak, thin plates; firm in
place, friable when removed, weakly
brittle; 40-60 percent coarse skeleton,
mostly of 2- by 4- by %-inch channers
with about 10 percent %- to 2-inch
pebbles; abrupt, smooth boundary;
continuous horizon.

30-40 Olive-brown (2.5Y 4/3, moist) very chan-
nery sandy loam; massive; very firm;
many fine pores; clay skins in some of
the. pores, grayish silt flour fairly well
disseminated throughout the material;
high proportion of angular channers of
siltstone and sandstone.

40-48 TFractured olive siltstone and sandstone
bedrock consisting of 1- to 3-inch
channers with olive-brown (2.5Y 4/3,
moist) loam between the fragments;
gilt flour and pores with clay skins
present in places.

Horizon

’
Alsmeo o

A Mardin soil on till of Olean subage was sampled for
comparison with Mardin soil on till of Valley Heads
subage at Mt. Pleasant Farm. The results are included
in tables 4, 9,10, and 11, but a detailed profile description
isnot given. The Olean site was in a 5-foot-deep trench
on the uplands about 4 miles northeast of Owego,
Tioga County, N.Y. (pl. 3, loc. 6), where the land slopes
5 to 8 percent. The overall appearance and horizon
sequence of both soils are essentially the same except
that an A’,, horizon is not present at the site near
Owego. Figure 16 shows a comparison of some of the
properties of these two Mardin soils. The differences
are no more than would be expected within a soil type
sampled at several spots in the same field.

The Mardin soil at Dryden and near Owego are both
classed as Sol Brun Acide because of the continuous
brown A, horizon, which is paler than the horizons
above and below; the blocky B horizons, which have
the same texture as the A horizons; and the fairly
uniform free iron oxide content throughout (tables 10,
11). Slight differences between these analyses and
those of Carlisle probably represent local variations
within one horizon.

The Mardin soils near Dryden and Owego have about
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FIGURE 16.—Comparison of a Mardin soil developed on Olean drift with one developed on drift north of the Valley Heads moraine. For data of F. J. Carlisle, Jr., see
footnote on p. 42.

one-fifth more silt in the upper 20 inches than in the
horizons below (fig. 16) and have a correspondingly
small amount of coarse skeleton. Although the silt is
possibly a result of aeolian deposition, a more likely
source is siltstone that was disaggregated by weathering.
Carlisle (see footnote on p. 42) found numerous
small soft weathered particles of rock in the solum
of the Mardin solils.

The Bath soil at Dryden is also classed as Sol Brun
Acide, although it has some morphological features
characteristic of a Sol Brun Acide intergrading to a
Podzol. Such an intergrade, however, should have
appreciably more free iron oxide in the upper B horizon
than in the lower; that is, more than is indicated in
table 10. The soil has a discontinuous A, horizon and
a very weak, subangular blocky structure in the B,
horizon.

678849 0—63—4

Thin reddish-brown B horizons, like those charac-
teristic of Podzols, occur in a few spots just under the
A;, horizon of the Bath soil (fig. 15, Byp) and may
be remnants of once extensive horizons. In other
spots, thin B, horizons like those of Brown Podzolic
soils of New England (Lyford, 1946) occur (fig. 15,
Boisp). These B, horizons are not as red as corre-
sponding horizons of the Podzols. In summary, the
Bath soil has characteristics suggestive of incipient
podzolization or of Podzol remnants.

GRAY-BROWN PODZOLIC SOILS

The Gray-Brown Podzolic soils are mapped in either
of two associations. The Howard association is re-
stricted to soils developed on calcareous gravel and
occurs only in the northern part of the region on valley-
train and kame deposits of Wisconsin age. Where
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TaBLE 10.—Organic carbon, free iron oxide content, and pH of
Baith and Mardin soils near Dryden and Owego, N.Y.

[Analyses by U.S. Department of Agriﬁ}ll(litl]lre, Soil Survey Laboratory, Beltsville,
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the Howard soils occur, the gravel is commonly very
dark grayish-brown (10YR or 2.5Y 3/2, moist) and
calcareous below depths of 4 or 5 feet, but Sols Bruns

Depth | Organte | Free iron Acides (Chen'ango series) are also formed on similar
Horizon (inches) | carbon | —oxide | pH parent materla_l. (Seq p. 37.) The B, horizons of
— e s the Howard soils are distinctly finer textured than the
chann " . » s INoX o . M
annery ot oo casant Farm, Dryden horizons above and below, and in most places they have
Y 0-1 | 153 1. 84 5.2 an abrupt, intertongued, wavy boundary with the C
ﬁ;z ———————————————————— 111;31}2 ? gg ? ég 2 ‘75 horizon. Where the gravel is highly calcareous at
_____________________ ! . 2 . ) .
Boto oo 3-12 1. 13 2. 02 4 8 depths of only 2 or 3 feet and the upper solum is neutral
B 12-26 .52 2.27 5.1 rpather than acid, the soil is a member of the Palmyra
Mardin channery silt loam, Mt. Pleasant Farm, Dryden, N.Y. series (ﬁg 6) . . .

The common soils on the better drained parts of the
ﬁﬁl R ;rjf 7o Loz 490 Valley Heads moraine are also Gray-Brown Podzolic
A | 12 1. 30 1. 52 42 and are mapped in the Lansing-Nunda association
%ﬁ; -------------------- T | 238 4§ (L 5). They have developed on thick deposits that
A:m_______________jj 16-20 ‘26 1 28 4 7 are generally calcareous but range widely in lithology,
%,:;ms ————————————————— %gj:g : ﬁ 1. 60 §~ ? texture, and color within short distances. The more

e m e Sl . . . . . .
Co . 42-52+ J19 oot 58 extensive soils are the Howard soils on glaciofluvial
o i - deposits, the Lucas and Nunda soils on lacustrine
ardin chanmery silt loam, Owego, N.Y. deposits, and the Lansing soils on till.
Ay .. 0-4 7.3 1. 60 4.9 RAD UNT
Ao 4.6 .19 1.92 4.8 HOWARD SOTL ATP“:;i;)X’ fm LFORD COUNTY, PA
Biooo 6-10 63| 1.84 4.7 ARENT MATERIA
B:;;,;:::::::::: ig:%g : ‘llg } gg ;t g The valley-train t.erraces in the Cohocton, Chen_nmg,
B - e 24-48 .15 1. 84 5.2 and Susquehanna River valleys (pl. 4) are underlain by
R EE e 48-54+| .24] 2.00 57 gravel and sand that is the parent material of the
1 Discontinuous. Howard soils. A typieal exposure is the Shiner gravel
TaBLE 11.—Particle-size distribution and texiure of two Mardin soils
[Analyses by U.S. Department of Agriculture Soil Snrvey Laboratory, Beltsville, Md.]
Particle-size distribution (percent by weight)
Material <2 mm in diameter ‘Whole
soil
Depth (inches) Horizon Textural class
Sand st Other classes
S1
. (0.05- Clay Gravel
Very | Coarse {Medium| Fine |Veryfine| 0.002 | (<0.002 0.02- >2
coarse (1-0.5 |(0.5-0.25| (0.25- (0.10- mm) mm) | 02-0.02| 0.002 mm)
(211 mm) mm) 0.10 0.05 mm mm
mm) mm) mm)
Mt. Pleasant Farm, Dryden, Tompkins Co., N.Y. (Valley Heads drift)
o/ P A 9.3 5 8 3.4 7.3 834+] 56. 1 9.8 (3551 33.3 6 | Silt loam.
-1 . A-A; 4.2 3.4 2.3 571804622142 32.9 | 40.0 9 Do.
1-2 . ___ A, 3.4 2. 4 1.8 4.4 | 6.8 65.6 | 15.6 | 32.9 | 42. 2 23 | Channery silt loam.
2-16______________ Ba 3.8 2.8 1.7 3.7 5.3 59.0 | 23.7]26.9| 39.7 30 Do.
2-161_ ____________ B, 4.9 4.3 2.3 4.7 ] 6.2 58.7 1 18.9 | 28.7 ] 39.0 27 Do.
16-20_____________ 2me 9.1 7.2 3.8 7.81 6.6 52.2 1 13.3|32.1| 315 34 Do.
20-34_ . _______ 21me 7.5 6.1 3.4 6.6 7.8 49.0119.6 | 28.9 { 32.0 33 Do. ?
3442 ____________ 22me 7.4 6. 6 3.7 6.87.6 47.7120.2 | 27.4 | 31.9 46 Do. 2
42-52+4___________ 6. 2 59 3.0 56165 48.7 | 24.1 | 24.8 | 33. 7 36 Do.
Near Owego, Tioga Co., N.Y. (Olean drift)
0-4_______________ A, 2.0 2.6 1.0 1.6 | 44 65.0 | 23.4 | 27.4 | 42. 8 18 | Silt loam.
4-6_______________ A, 34| 2.7 .8 .9034 [66.9|2L9] 257|451 31 | Channery silt loam.
6-10______________ 1 4.8 3.3 .9 1.0 3.3 64.1 | 226 | 24.2 | 43.7 24 Do.
1016 ______ Ba 6. 2 3.9 1.2 1.213.9 63.1)120.5)24.1 | 43.5 34 Do.
16-24_____________ 22me 6. 5 4.9 1.4 1.6 44 55.3 | 25.9 | 24.4 | 36.1 36 Do.
2448 . _______ 23m 7.6 | 51| 15| 1.5|41 |533]|26.9|24.4]|357 35 Do. 3
4854+ _______ 24m 7.8 48| 14| 14|33 |541)|27.2|20.8]37.3 39 Do. ?

1 Discontinuous.

2 Close to the silt loam-loam boundary.

3 Close to the silt loam-silty clay loam boundary.
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between the B, and B, horizons (figs. 17, 18) is a
series of mounds and depressions probably fashioned
in large measure by tree throw, the base of the B,
horizon being the bottom of a surface layer that has
been disturbed by the roots of trees. The extremely
irregular boundary between the B, and C horizon is
apparently the result of the downward penetration of
large roots, now completely disappeared. The nearly
vertical pipes thus created localized soil-forming
processes and caused the soil horizons to develop con-
volutions by outward growth from the former roots.
Such irregular soil-horizon boundaries are common
where the parent material has a farily large proportion
of limestone, especially argillaceous limestone (Yehle,
1954). The pipes, occurring as loose sand and pebbles
(B,) within tongues of sticky clay loam (B,), end
upward at the base of old tree stumps now almost
completely disappeared, but they persist downward
many feet, ending bluntly. Some vertically oriented
pebbles near the tops of pipes may have fallen into
holes left after roots had decayed, but the sand and
pebbles lower down probably were not thus mechani-
cally concentrated; they probably are a residue formed
by soil processes which leached and carried away fine
material.

The great variation in depth of the B horizon at this
pit is illustrated in figure 17. In several places the
boundary between the B, and C horizons is at a depth
of less than 3 feet; in other places the depth is greater
than 12 feet, and the maximum observed is 14% feet.
Thickness of solum is not a measure of the age of this
soil.

ALLUVIAL SOILS AND SOLS BRUNS ACIDES

The Alluvial soils, which are mapped as the Tioga-
Barbour-Chenango-Tunkhannock association, show
little or no solum development and are closely related
in texture and lithology to the source rock of the allu-
viums on which they occur. The strongly acid Tioga
soils commonly are found in areas where the bedrock is
chiefly gray or olive fine-grained sandstone and silt-
stone, whereas the Barbour soils are in areas where the
source rocks are chiefly red. The nearly neutral
Chagrin soils are common where the adjacent slopes
have contributed calcareous materials to the alluvium.
On low terraces and alluvial fans, Sols Bruns Acides
have developed and are indistinguishable from soils on
glaciofluvial deposits of similar lithology and texture.
Chenango and Tunkhannock soils are common on such
deposits which are flooded at infrequent intervals.

ORIGIN OF SOILS

Although the soils of the Elmira-Williamsport region
owe many of their region-wide features to climate and

vegetation, many of the soil differences within the region,
even at the great soil group level, are primarily related
to kind of parent material and its hydrologic character-
istics. Similar soils occur on similar parent material
regardless of its age, with the exception of those on
flood plains. The soils give no clue as to earlier environ-
ments. The soils show only moderate distortions due
to root growth and tree throw, although both processes
have been active for a long time; thus, the soils must
develop or be reconstituted in a short time following
such disturbances.

INFLUENCE OF PARENT MATERIAL

The Red-Yellow Podzolic soils occur only on strongly
weathered parent material. We believe that these
soils, found just outside the Wisconsin drift border,
have developed since early Wisconsin time, perhaps
some of them in Recent time. Their color and clay-
mineral content may have been largely derived from
their parent material. The lower B and C horizons of
some of these Red-Yellow Podzolic soils may include
features inherited from earlier periods of weathering,
but other closely associated Red-Yellow Podzolic soils
whose parent material consists of mixtures of both
fresh and strongly weathered materials unquestionably
are younger than the time when such mixing, and there-
fore such strong weathering, took place.

The argument that the Red-Yellow Podzolic soils in
the Elmira-Williamsport region have developed since
early Wisconsin time rests on both geologic and pedo-
logic evidence. Scattered remnants of strongly weath-
ered drift and other mantle occur in this area. These
deposits are remnants of a once much more continuous
strongly weathered mantle which, since weathering, has
been in large part either eroded away or buried by or
mixed with weakly weathered or unweathered mantle.
This has been amply documented by the work of Peltier
(1949) and of Denny (1956b). Thus, the possibility of
a soil being developed at the ground surface during pre-
Wisconsin time and preserved essentially intact to the
present time is most unlikely.

The exposure at Penny Hill (p. 30), where the
strongly weathered drift lies in a buried gorge, is the
most favorable location found thus far for a pre-Wiscon-
sin weathering profile. The weathered horizons in this
exposure are very thick, the intensity of weathering
gradually decreases downward, and striated stones in
the underlying till are still recognizable. Perhaps this
till is of pre-Illinoian age; the depth to which it has been
weathered is much greater than is common on Illinoian
till in the Midwest. However, because the till fills a
narrow bedrock gorge, weathering to a great depth
may have been facilitated, perhaps by the movement
of ground water along the till-bedrock contact.
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If the soil profile described here is accepted as being
that of a Red-Yellow Podzolic soil, consider the data
available on its clay mineralogy and heavy minerals.
The greater amount of vermiculite and amphibole at a
depth of 16 to 17 feet is unexpected if this soil has not
been disturbed and has undergone weathering for a long
time. The colluvial mantle on top of the till in the
Penny Hill cut indicates that an older weathering profile
has been truncated. Thus, it is clear that the Red-
Yellow Podzolic soil at Penny Hill, mapped as a member
of the Allenwood series is not a relic from pre-Wisconsin
time, though some of the features of its B and C horizons
may be inherited in part from ancient weathering.

Near the Wisconsin drift border the Red-Yellow
Podzolic soils occur side by side with Sols Bruns Acides
and Gray-Brown Podzolic soils developed on unweath-
ered or slightly weathered drift and other mantles of
Wisconsin and of Recent age. Three facts stand out.
First, the soils on parent materials containing no appre-
ciable amount of strongly weathered material are Sols
Bruns Acides. Second, the soils on parent materials
containing appreciable amounts of strongly weathered
material mixed with weakly weathered material are
Gray-Brown Podzolic-Red-Yellow Podzolic intergrades.
Third, soils entirely on strongly weathered parent ma-
terial are Red-Yellow Podzolic. Because these three
great soil groups may all occur close together, any local
difference in climate or in vegetation is too slight to be
an explanation of their development in such close prox-
imity. Rather, it appears that parent material has
been the prime cause of the differences in soil develop-
ment in a small area where climate, vegetation, and
topography are similar. We conclude that soils classi-
fied as Sol Brun Acide, Red-Yellow Podzolic, and Gray-
Brown Podzolic-Red-Yellow Podzolic intergrades have
formed side by side during the same interval of time and
under the same environment. We believe that the
Red-Yellow Podzolic soils of the Elmira-Williamsport
region have developed in Wisconsin, perhaps some in
Recent time, on parent materials that were already
strongly weathered.

In other regions, differences between drifts of various
Wisconsin substages are reflected in the soils, either in
distribution of great soil groups, in amount of clay, in
depth of leaching, or in some other feature. However,
in the Elmira-Williamsport region, with the exception

- of the soils on flood plains which have scarcely developed
at all, the soils on parent materials of similar lithology
and of comparable degrees of drainage are the same
regardless of age of drift. The same soils occur on
drift of Olean or Valley Heads subages, and we are
forced to conclude that any differences that may have
existed were obliterated by such processes as mass
movement and tree throw. Colluvium mantles the

drift in many places (p. 14-16). Since most of the
colluvium dates from the building of the Valley Heads
moraine (p. 24), most of the soils have formed since
late Wisconsin time.

The soils give no clues as to earlier environments.
For example, the valley-train terrace of Olean subage
near Muncy is one of the oldest surfaces in the region,
yet 1t has a Tunkhannock soil, a Sol Brun Acide, that
is essentially the same as the Chenango soil, also a
Sol Brun Acide, on the gravel terraces of Valley Heads
subage near Owego, N.Y.

Although there are no differences in soils on similar
parent materials of different geologic age, local varia-
tions in parent material cause marked differences in
soils. For example, the contrast between Sols Bruns
Acides with nonclayey B horizons and Gray-Brown
Podzolic soils with clayey B horizons is striking, par-
ticularly where these soils occur on adjacent terrace
deposits of about the same age. In some of these
places the parent materials of the two soils are virtually
identical (see fig. 6), except that the parent material
of the clayey soil has more argillaceous limestone.

When the calcareous argillaceous pebbles are leached,
a clayey residue remains in the soil. This process can
be observed in the lower B horizons of the Gray-Brown
Podzolic soils where cavities or ghosts mark the former
presence of limestone or dolomite pebbles (p. 49); in
many of the cavities there is a residuum of clay, and
most of the ghosts are either silty or clayey. These
silty and clayey residues become incorporated in the
surrounding material when the cavities collapse. Prob-
ably the clay in the B horizons of many soils developed
on calcareous parent materials of diverse origin was
derived in large part from the clay residues of leached
limestones.

The amount of coarse skeleton in soil parent mate-
rials varies widely, but there is not a commensurate
variation in the degree or depth of soil development.
For example, in rubbly colluvium or in very gravelly
till there is no change in soil development nor any
visible difference in properties other than texture when
compared with associated soils on parent materials
with less coarse material. Also, whether the slope of
rubbly colluvium is steep or gentle, the depth of soil
is about the same. Nor is there a tendency for Podzols
to be more common on rubbly colluvium than on finer
textured colluvium or till.

Most steep slopes covered by rubbly colluvium con-
tain many channers or flagstones that locally form
small piles on the uphill sides of trees about 60 to 70
years old. This indicates that fragments of rock have
moved downslope during the life of the trees. The
soils on such slopes, nevertheless, do not differ appreci-
ably in degree of development or in depth of solum from
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similar soils on gentle slopes where the rate of removal
is probably less. These observations indicate either
that the soil slips as a mass, which seems unlikely, or
that the rate of soil development is rapid enough to
keep up with the rate of erosion,

CLIMATE

No evidence of the effect of changes in climate in
late Pleistocene or in Recent time was observed in the
soils of the region. Likewise, evidence pointing to
differences in soil related to microclimatic differences
from place to place is very weak.

SOIL FAUNA

Activity of soil fauna, such as earthworms, rodents,
millipedes, wireworms, and ants, may cause relatively
rapid changes—for example, the destruction of a
micropodzol—in the upper part of a soil. Moreover,
a Podzol cannot form if the vegetable debris on the
forest floor is consumed by animals about as rapidly
as it falls and the upper few inches of mineral soil is
more or less constantly disturbed.

Great changes in forest fauna may have occurred
since settlement, as a result of man’s activity. Forests
adjacent to cultivated fields, for example, may be
invaded by earthworms (Eaton and Chandler, 1942).
Earthworm activity is very evident at sites on Mt.
Pleasant Farm, near Dryden, N.Y., where a Podzol,
observed about 1940 (M. G. Cline, oral communication),
had been destroyed by 1954. Thus in a period of
about 14 years a marked change in the soil had taken
place, probably because of animal activity.

TREE THROW

Tree throw and the resulting disturbance of the soil
must be considered in any study of soil development in
Northeastern United States (Lutz and Griswold, 1939).
Denny and Goodlett (Denny, 1956b) postulate that in
Potter County, Pa., most of the soil has been disturbed
by this process during the last 300 to 500 years. Yet
many exposures of soil show evidence of such distortions
in only a few places, indicating either that the rate of
tree throw has been greatly overestimated or, more
probably, that a rapid rearrangement of soil horizons
follows such a disturbance.

Soil horizons developed under forest tend to be dis-
continuous and variable in thickness, as is shown in the
two sections of Mardin and Bath soils .on the Mt.
Pleasant Farm (fig. 15). The discontinuous segments
of B, horizons shown in both diagrams are probably the
result of tree throw. Near the center of the diagram
of the Bath soil, for example, broad tongues of the By,
horizon project downward around a segment of the B,,
horizon which, in turn, surrounds a segment of the B,
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horizon. It is reasonable to suppose that the B.; hori-
zon is chiefly material disturbed when trees were up-
rooted. A small pit about 1 foot deep, shown at the
right end of the diagram, is 1 of at least 14 other equally
subdued tree-throw pits and mounds present in an area
50 feet square.

The absence of a distinct mound or pit associated
with the downward projections of the B, horizon near
the center of the Bath soil diagram suggests that the
particular tree throw recorded there took place many
years ago. That the disturbance of soil by this means
is still going on was amply proved in October 1954 when
a hurricane passed over the area. Several trees near
the trenches were uprooted, and material from the upper
part of the very firm B’ horizon of the Bath soil and
from the friable upper horizons was dislodged by the
roots.

The evidence of soil disturbance by tree throw at the
Mt. Pleasant Farm suggests that the upper 2 to 3 feet
of the soil has been disturbed by tree throw several times
during the thousands of years since the Valley Heads
ice disappeared. But in spite of repeated disturbance,
soil-forming processes seem to have been able to efface
the damage of tree throw, suggesting that the formation
of these soil horizons is a relatively rapid process.

ROOT GROWTH

The hypothesis that certain soil horizons form
rapidly is supported by other evidence. When a tree
root or a tree stump decays, the cavity that remains
is seldom visible for long. Some process, such as root
growth, acts to fill or compress the cavity, and no trace
is left. In forested areas probably all parts of the
solum at one time or another have been penetrated
by roots. As roots grow, soil material is pushed aside,
rearranged, and redistributed (Stout, 1956). Effects
of tree throw that are centuries old are ultimately
effaced. Such stirring of the ground is the process
that Shaler called the ‘“‘subsoil plow’” (Shaler, 1892).
Soils developing on all but the most recent tree-throw
mounds also demonstrate that processes now going on
tend to renew, repair, or develop the soil. Thus, the
soil horizons found today beneath the forest have
formed rapidly.

Such rapidity of soil development under forest
cover may result in part from previous conditioning.
It is quite possible that a disturbed solum can be re-
developed much more rapidly than a solum could
develop from unweathered parent material. This
hypothesis of rapid soil reconstitution may explain
the presence of well-developed soils, such as those of
the Red-Yellow Podzolic great soil group, in materials
that doubtless were profoundly disturbed in Wiscon-
sin time.
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FOREST REGIONS AND GREAT SOIL GROUPS

By Jorn C. GooprLeETT and WaALTER H. LyFoRD

Some of the data gathered during the first field
season suggested a close coincidence between certain
great soil groups and forest types. To investigate this
suggestion, Goodlett, during 1954, made a recon-
naissance study of the vegetation and prepared a
vegetation map of the region (pl. 6). Goodlett and
Lyford also studied concurrently the soil and the vegeta-
tion in a limited number of localities. A comparison
of the soil map and the vegetation map, however,
shows no close relationship between the distribution
of the units on either map. The character and dis-
tribution of the forest regions and a comparison of their

Species!

Red maple (Acer rubrum L.)-------=coroessmssmssasaseenanes
Red oak (Quercus rubra L. )--- - --oemeeeemeei e MH'7 /l ——r
Beech (Fagus grandifolic Ehrh.)-------------eooecreeeeaees
Sugar maple (Acer saccharum Marsh,)----------------rev
Hemlock (Tsuga canadensis (L.) Carr.)----------e-seeree
Basswood (Tilia americana L.)-------------r-oeeeeeecemencaaes
White ash (Fraxinus americana, L.)-------------ewemeeeeeees
White oak (Quercus alba Li.)-------------rrrraememamssneas
Hop-hornbeam (Ostrya virginian (Mill.) K. Koch)----
White pine (Pinus Strobus L.)------------ssssmssssascrenc s

Black cherry (Prunus serotina Ehrh.)--------------- ceeees

Black oak (Quercus veluting Lam,)------------sommmmemeeea

distribution and that of the great soil groups is sum-
marized below.

The vegetation of the Elmira-Williamsport region
has been mapped in New York by Bray (1915) and in
Pennsylvania by Illick and Frontz (1928). A later
map of the entire region by Hough and Forbes (1943)
is essentially a combination of the two earlier ones, but
is not entirely satisfactory because the two maps did not
use quite the same map units. A new vegetation map
of the region was prepared for the present study. The
map units are essentially those of Ilick and Frontz
(1928, p. 9), who state in part:

The white oak is found to be the most important indicator-tree

of the oak-chestnut forest growth of northern Pennsylvania.
Wherever this tree occurs in considerable numbers in Pennsyl-

Frequency, in percent,of
common forest trees?

0 20 40 60 80 100

—_ 1 L ! 1 ]

""""""""" 7777 7T
Chestnut oak (Quercus Prinus L.)------------------- {I;/ I //l o ‘ : j
Yellow-birch (Betula lutea Michx. £} -esvermrmems P:__I——l
Large-toothed aspen (Populus grandidentata Michx,)---------------=- MA I ‘ I
EXPLANATION

Northern hardwood region —
Qak forest region V2L / /" /// /' /)

! Listed in order of abundance, from the species found at the greatest number of areas sampled to that present at the smallest
number.
2 Frequency is the number of localities at which a species is found compared to the total number of localities sampled in that region.

FIGURE 20.—Common forest trees of the Elmira-Williamsport region. These species are present in the forest canopy in at least 25
percent of the 66 localities sampled; the sampling was about equally divided between the two forest regions. The canopy is the
upper level or roof of the forest formed by the leafy branches of the taller trees. Nomenclature follows that of Fernald (1950).
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vania, other oaks, chestnut, and additional hardwoods, typically
southern in range, are also found. Such stands are assigned to
the oak-chestnut growth, while those containing few or no
specimens of white oak are classified within the beech-birch-
maple type.

In plate 6, the oak forest region includes forest where
at least some white oak is present, and the northern
hardwood region includes forest where white oak is
absent, or at least it was not observed. The northern
hardwood region is further subdivided on the basis of
the presence or absence of red oak. These map units
have been used previously by Goodlett (1954) to map
the forest regions of Potter County, Pa., immediately
west of the region considered here.

The forest regions were mapped largely on the basis
of the kind of forest in areas that had never been
plowed; the areas are easily recognized because of a
distinct microrelief of mounds and pits caused by tree
throw. Because many of the trees in these unplowed
areas originated as sprouts from roots and stumps of an
older generation of trees, the regions mapped probably
outline major differences in the forests as they existed
before lumbering or agriculture.

Figure 20 gives some idea of the species composition
of the forests. Within the northern hardwood region,
most forest stands consist predominantly of sugar
maple, beech, basswood, hemlock, and white ash,
although red oak, red maple, yellow birch, and black
cherry are abundant in places. Forests in the oak
forest region, on the other hand, consist largely of
various kinds of oak and red maple. White pine is the
most abundant conifer. In the oak forest region, the
forest ground cover generally contains many heath
plants such as mountain laurel (Kalmia latifolia),
blueberries (Vaccinium vacillans, V. angustifolium, V.
stamineum), and wintergreen (Gaultheria procumbens),
which are essentially lacking from the northern hard-
wood forest. The ground cover in the oak forest
region thus tends to be shrubby, whereas the ground
cover in the northern hardwood region consists pre-
dominantly of ferns and low herbaceous perennial
flowering plants.

Comparison of forest regions (pl. 6) with great soil
groups (pl. 5) shows little relation between the two.
Podzols and Sols Bruns Acides, for example, occur in
both forest regions. However, Podzols on plateau tops
often support northern hardwood forest. Where these
Podzols are underlain by conglomerate of Carbon-
iferous age, the forests usually lack oak trees. Gray-
Brown Podzolic soils, mostly confined to the valleys
of larger streams in the northern part of the region,
generally support only oak forest. In an area of Sols
Bruns Acides along the Susquehanna River between
Elmira and Owego, N.Y., where oak forest generally

grows on the lower valley walls and northern hardwood
forest at higher altitudes, some minor contrasts in the
soils are perhaps related to changes in vegetation.
For example, the occurrence of thin Podzol sola over
Sols Bruns Acides corresponds so closely with this
change in forest type that the soil change may be a
response to vegetation rather than to other factors.

GLOSSARY

ALLUVIAL soILS. An azonal group of soils developed from trans-
ported and relatively recently deposited material (alluvium),
characterized by a weak modification (or none) of the
original material by soil-forming processes.

AssocIATION, soIL. An area of land composed of one or more
soil types that occur in a characteristic pattern. The
association may consist of soils that are similar or that
differ widely in important characteristics. Each soil
association, however, has a certain repetitive pattern of the
same important soil type or types, and other features that
give it a characteristic landscape.

BounpaRY, somL HoRrizoN. The surface or transitional layer
that marks the limits of a soil horizon. The boundary is
described by its distinctness or width and by its topography.

The terms used to describe distinctness or width are as

follows:

Abrupt.—less than 1 inch thick.
Clear—1-21% in. thick.
Gradual.—2%-5 in. thick.
Diffuse. More than 5 in. thick.

The terms used to describe topography are as follows:
Smooth.—Nearly a plane.
Wavy.—Pockets with width greater than depth.
Irregular—Pockets with depth greater than width.
Broken.—Discontinuous.

CALCIUM CARBONATE EQUIVALENT.—The percentage of calcium
carbonate that would be present if all the carbonate in the
material were in the form of calcium carbonate.

CATENA, soIL. A group of soils within one zonal region developed
from similar parent material but differing in solum charac-
teristics owing to differences in relief or drainage.

CuanNNErs. Thin, flat, angular fragments of rock other than
slate, shale, or chert, ranging from 0.079 in. (2 mm) to 6 in.
in maximum diameter. Fine channers are 2 mm-3 in. in
diameter; coarse channers are 3-6 in. in diameter. A
single piece is called a fragment.

CHANNERY soILs. Soils that contain channers of rocks other
than slate, shale, or chert.

CuroMa. The relative purity or strength of the spectral color.
This increases with decreasing grayness (sometimes called
saturation).

Cray skins. Coatings of oriented crystalline alumino silicate
clays. They are commonly found on ped surfaces and in
pores. The orientation of the clay is parallel to the ped
surface and in thin sections has an abrupt boundary with
the unoriented matrix. Under a hand lens the clay skins
typically look like tallow which has run down the side of a
candle and hardened. They may or may not contain
significant amounts of organic matter.

CoLLUviuM. A general term applied to loose and incoherent
deposits of rock fragments and finer material accumulated
at or near the base of slopes chiefly through the influence of
gravity.
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ConstsTENCE. The degree of cohesion and adhesion of soil

particles or their resistance to separation or deformation of
the aggregate. In practice these properties are distinquished
by the feel of the soil and the ease with which a lump is
crushed by the fingers. Terms commonly used to describe
consistence are as follows:

Loose..—Noncoherent.

Friable—When moist, crushes easily under moderate
pressure between thumb and forefinger, and coheres when
pressed together.

Firm.—When moist, crushes under moderate pressure
between thumb and forefinger, but resistance is distinectly
noticeable.

Plgstic—When wet, readily deformed by moderate pres-
sure, but cohesive; wire can be formed.

Sticky.—When wet, adheres to other material; usually
very cohesive when dry.

Hard—When dry, moderate resistance to pressure; barely
breakable between thumb and forefinger.

Cemented—Hard and brittle, and little affected by
moistening.

Brittle.—Breaks with a sharp clean fracture, or, if struck
a sharp blow, shatters into cleanly broken hard fragments.

DraiNAGE, NATURAL. Natural drainage refers to those con-

ditions which existed during the development of the soil as
opposed to altered drainage, which is commonly the result
of artificial drainage or irrigation but may be due to natural
causes, such as sudden deepending of channels and sudden
blocking of drainage outlets. The following relative terms
are used to express natural drainage: excessively drained,
somewhat excessively drained, well drained, moderately well
drained, imperfectly or somewhat poorly drained, poorly
drained, and very poorly drained.

Fragstone. Thin, flat, angular fragments of rock other than

slate, shale, or chert, ranging from 6 to 15 in. in maximum
diameter.

FracipaN. Compact horizons rich in silt, sand, or both, and

generally with a low clay content. They occur in many
gently sloping or nearly level soils in humid, warm-temperate
climates. The fragipan commonly interferes with root
penetration. When dry, the compact material appears to be
cemented, but the apparent cementation disappears when
the soil is moistened. Fragipans occur in soils developed
from either residual or transported parent materials.

A fragipan is a loamy subsurface horizon usually under-
lying a B horizon. Organic-matter content is very low,
with a high bulk density relative to the solum above;
seemingly cemented when dry, having hard or very hard
consistence, but when moist, it has a weak or moderate
brittleness (a ped tends to rupture suddenly rather than
undergo slow deformation as increasing pressure is applied).
It is mottled, slowly or very slowly permeable to water, and
usually has occasional or frequent bleached cracks that form
polygons. Fragipans are usually found with abrupt or
clear upper horizon boundaries 15 to 40 inches below the
original surface, vary from a few inches to several feet in
thickness, and have gradual or diffuse lower boundaries.
They are nearly free of roots except for the bleached cracks.
Clay skins are scarce to common both in the polygonal
cracks and in the interiors of the peds. In soil descriptions
and in diagrams a subscript “m" is added to the major
horizon letter to differentiate these fragipan horizons.

Gray-Broww poDzoLIC sOILs. A zonal group of soils having a

comparatively thin organic covering and organic-mineral

layers over a grayish-brown leached layer which rests upon
an illuvial brown horizon; developed under deciduous forest
in a temperate moist climate.

GREAT SOIL GROUP. A group of soils having common internal

soil characteristics; includes one or more families of soils.
Among the zonal soils, each great soil group includes the
soils having common internal characteristics developed
through the influence of environmental forces of broad
geographic significance, especially vegetation and climate;
among the intrazonal soils, each great soil group includes
the soils having common internal characteristics developed
through the influence of environmental forces of both broad
and local significance; among the azonal soils each great
soil group includes similar soils that are without developed
characteristics owing to the influence of some local condi-
tion of parent material or relief.

Horizon, sorL. A layer of soil approximately parallel to the

soil surface, with characteristics produced by soil-forming
processes. Horizons are identified by letters of the alphabet.

A horizon.—A master horizon consisting of (1) one or
more surface mineral horizons of maximum organic ac-
cumulation; or (2) surface or subsurface horizons that are
lighter in color than the underlying horizon or that have
lost clay minerals, iron, and aluminum with resultant
concentration of the more resistant minerals; or (3) horizons
belonging to both of these categories.

A, horizon.—A surface mineral soil horizon having a
relatively high content of organic matter mixed with
mineral matter; usually dark in color. It may or may not
be a horizon of eluviation.

Ay horizon.—A surface or subsurface horizon, usually
lighter in color than the underlying horizon, has lost clay
minerals, iron, or aluminum, or all three, with the resultant
concentration of the more resistant minerals. It is a
horizon of eluviation—of leaching materials out in solution
and suspension.

B horizon.— A master horizon of altered material charac-
terized by (1) an accumulation of clay, iron, or aluminum
with accessory organic material; or (2) more or less blocky
or prismatic structure together with such characteristics
as stronger colors that are unlike those of the A or the
underlying horizons of nearly unchanged material; or (3)
characteristics of both of these categories.

C horizon.—A layer of unconsolidated material, relatively
little affected by the influence of organisms and presumed
to be similar in chemical, physical, and mineralogical
composition to the material from which at least part of
the overlying solum has developed.

D horizon.—Any stratum underlying the C horizon (or
the B if no C is present) that is unlike the C horizon or
the material from which the solum has been formed.

Gleyed horizon.—A strongly mottled or gray horizon that
occurs in wet soils. It is designated by the letter “‘g’” used
in conjunction with A, B or C (for example, Bg).

Humic-GLEY soiLs. An intrazonal group of poorly to very

poorly drained hydromorphic soils with dark-colored organic-
mineral horizons of moderate thickness underlain by mineral
gley horizons.

INTERGRADE SOIL. A soil which possesses characteristics defini-

tive for two great soil groups. The soil is named for both
with the first name the name of the great soil group which
the soil resembles most closely. For example, Gray-Brown
Podzolic-Red-Yellow Podzolic intergrade soils possess defin-
itive characteristics of both great soil groups, but resemble
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Gray-Brown Podzolic soils more closely than Red-Yellow
Podzolic soils.

Low HuMic-GLEY soILs. An intrazonal group of imperfectly to
poorly drained soils with very thin surface horizons, moder-
ately high in organic matter; overlies mottled gray and
brown gleylike mineral horizons with a low degree of textural

differentiation.
MATERIAL, MODERATELY WEATHERED. See Material, un-
weathered.
MATERIAL, STRONGLY WEATHERED. See Material, unweathered.
MATERIAL, UNWEATHERED. The terms unweathered and

weakly, moderately, and strongly weathered as used in this
report refer to the relative amount of decomposition of min-
eral grains or rock fragments visually judged to have taken
place in a deposit.

Unweathered material.—Shows little or no evidence of
decomposition.

Weakley weathered material.—Exhibits a rind or outer shell
different in color and generally softer or harder than the
interior. In the case of mineral grains this outer material
may be only a fraction of a millimeter thick, whereas it may
range from paper thin to one-half inch thick on some rock
fragments. Generally the outer shell is redder, browner,
yellower, or grayer than the interior.

Strongly weathered material.—Generally loose or weakly
cemented, or breaks easily compared to fresh rock; it is
generally altered in color to a depth of 6 or 8in. Commonly
the altered part is red, brown, or yellow, generally having
Munsell values and chromas of 5 to 8.

Moderately weathered material.—Has characteristics that
are intermediate between weakly weathered and strongly
weathered material.

MATERIAL, WEAKLY WEATHERED. See Material, unweathered.

MicroropzorL. A Podzol with distinet gray A; and reddish-
brown B; horizons, but with the entire solum only about 1
to 2 in. thick. Commonly occur at the surface of the
mineral soil.

MoTTLING, soIL. Contrasting color patches that vary in number
and size. Descriptive terms are as follows: Contrast,
faint, distinct, and prominent; abundance, few, common,
and many; size, fine, commonly less than 5 mm in maximum
diameter; medium, ranging from 5 to 15 mm in maximum
diameter; and coarse, commonly more than 15 mm in
maximum diameter.

OrTERDE. See Ortstein.

OrtstEIN. Hard, irregularly cemented dark-yellow to nearly
black sandy material formed by soil-forming processes in
the lower part of the solum. Similar material, not firmly
cemented, is known as orterde.

PAReNT MATERIAL. The unconsolidated mass from which the
solum develops.

Pep. An individual natural soil aggregate.

Popzors. A zonal group of soils having an organic mat and a
very thin organic-mineral layer above a gray leached layer
which rests upon an illuvial dark-brown horizon; developed
under a coniferous or mixed foest, or under heath vegeta-
tion in a temperate to cold moist climate. Iron oxide,
alumina, and, at some places, organic matter have been
removed from the A horizon and deposited in the B horizon.

ProrFIiLe, sotL. A vertical section of the soil through all its
horizons, extending into the parent material.

REAcTION, soiL. The degree of acidity or alkalinity of the soil
mass, expressed as pH or in words:

pH
Extremely acid_____________________________ <4.5
Very strongly aeid- .. _______________________ 4.5-5.0
Strongly aeid____ .. _______________._______ 5.1-5. 5
Mediumaeid- ... ... ______ 5660
Slightly acid_ - .- __.____ 6. 1-6. 5
Neutral ____ . ____ 6. 6-7. 3
Mildly alkaline_____________________________ 7.4-7.8
Moderately alkaline_________________________ 7.9-8. 4
Strongly alkaline_ _ _________________________ 8.5-9.0
Very strongly alkaline._ ________________ _____ =9.1

ReDp-YELLow PopzoLic soiLs. A group of well-developed well-
drained acid soils having thin organic (A;) and organic-
mineral (A;) horizons over a light-colored bleached (A,)
horizon, over a red, yellowish-red, or yellow and more clayey
(B) horizon; parent materials are all more or less siliceous.
Coarse reticulate streaks or mottles of red, yellow, brown,
and light gray are characteristic of deep horizons of Red-
Yellow Podzolic soils where parent materials are thick.

Resipuum. Surficial material derived by weathering from the
bedrock on which it lies.

SERIES, soIL. A group of soils that have genetic horizons simi-
lar (except for the texture of the surface soil) in differen-
tiating characteristics and arrangement in the soil profile and
are developed from a particular type of parent material.
A series may include two or more soil types that differ from
one another in the texture of the surface soil.

SKELETON, cOARSE. That part of the soil material composed of
particles greater than 2 mm in diameter. The part of the
s0il 2 mm or less in diameter is often referred to as fine
earth.

SoLs BrRuns Acipes. A group of acid soils having thin organic
(A,) and organic-mineral- (A,) horizons over yellowish-brown
or brown (B) horizons which commonly exhibit blocky
structure but have essentially no accumulation of clay or
iron and aluminum compounds. The singular is written
Sol Brun Acide.

SoLuM. The upper part of the soil profile above the parent ma-
terial. In this part of the profile, the processes of soil for-
mation take place. The plural form is sola.

STRUCTURE, soIL. The arrangement of the soil particles into
lumps, granules, or other aggregates. Structure is described
by grade (weak, moderate, or strong), that is, the distinct-
ness and durability of the aggregates; by the size of the
aggregates (very fine, fine, medium, coarse, or very coarse);
and their shape (platy, prismatie, columnar, blocky, granu-
lar, or crumb). A soil is described as structureless if there
are no observable aggregates. Structureless soils may be
massive (coherent) or single grain (noncoherent). The
terms used to describe shape are as follows:

Blocky, angular.—Aggregates are block shaped; they may
have flat or rounded surfaces that join at sharp angles.

Blocky, subangular—Aggregates have some rounded and
plane surfaces; vertices are rounded.

Columnar.—Aggregates are prismatic and are rounded at
the upper ends.

Crumb.—Generally soft small porous aggregates; irregular,
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but tend to be spherical, as in the A, horizons of many soils.
Crumb strueture is closely related to granular structure.

Granuler—Roughly spherical firm small aggregates that
may be either hard or soft, but are generally more firm than
crumb and without the distinct faces of blocky structure.

Platy.—Soil particles are arranged around a horizontal
plane.

Prismatic—Soil particles are arranged around a vertical
line; aggregates have flat vertical surfaces.

Tree THRow. The toppling of trees by any process, such as
wind or snow.

TrREE-THROW MOUNDS. The mass of material raised by roots
when trees fall. When the tree roots decay, the material
slumps and commonly forms a circular or oval mound
ranging from a few feet to as much as 20 feet in diameter and
from a few inches to several feet in height.

TYPE, soIL. A group of soils that have genetic horizons similar in
differentiating characteristics, including texture and arrange-
ment of the soil profile, and developed from a particular
type of parent material.
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